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ABSTRACT 
The aim of this work was to study the interaction of melatonin and 
prolactin in the control of seasonal breeding and coat development in goats. 
British Saanen goats (n=5) were maintained for 8 weeks in long days 
(20L: 40) followed by 8 weeks exogenous melatonin. Group treatment was 
staggered over the year in an attempt to dissociate breeding season advance 
from advanced coat growth. To assess the effect of prolactin suppression, the 
20L:4D treatment from January was repeated in consecutive years but followed 
in March by melatonin (Year 1) or bromocriptine (Year 2). To study further 
the interaction of melatonin and prolactin on coat development and 
reproductive advance, goats (n=5) were maintained as follows: 1) natural 
photoperiod and temperature, Jul-Juni 2) 16L: 8D, natural temperature, Jul-Deci 
3) 16L:8D, 17°C, Jul-Decj 4) 8L:16D, 8°C, Dec-Jun. To study melatonin 
suppression of prolactin, the secretagogues arginine vasopressin, serotonin 
and thyrotropin releasing hormone were given to goats (n=6) maintained in 
sequence under 8L:16D, 20L:4D and simulated short days (20L:4D+melatonin). 
Depending on long-day Imelatonin treatment onset, the breeding season was 
advanced from November to May, August or September. With 20L:4D followed by 
melatonin or bromocriptine the spring prolactin rise was delayed. A 
corresponding delay in winter coat moulting was observed only under melatonin. 
However, a winter secondary to primary (SIP) follicle ratio was retained with 
both treatments. Prolactin may determine coat structure, whilst melatonin 
influences the duration of fibre retention. 
Under conditions of summer or winter solstice hold, the seasonal 
prolactin variation was inhibited and initial SIP follicle ratios were 
retained. A tendency for a spontaneous change in prolactin secretion 
suggested existence of an endogenous rhythm. Maintained seasonal temperature 
did not influence melatonin secretion. Dusk and dawn prolactin peaks 
corresponded with the rise and fall in nocturnal melatonin. 
Basal prolactin concentrations and peak responses to the secretagogues 
altered with photoperiod, being low under 8L:16D and increased under 20L:4D. 
Exogenous melatonin under 20L:4D did not suppress prolactin to short-day 
concentrations. Invol vement of another factor mediating photoperiodic changes 
in prolactin secretion is suggested. 
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CHAPTER 1 
INTRODUCTION 
1.1 CAPRA HIRCUS - THE DOMESTICATED GOAT 
The goat was one of the first animals to be domesticated by man, with 
signs of domestication found in excavations of neolithic sites dating from 
7,000 Be. Domestication of the goat is associated with three of the oldest 
civilisations: the Nile in north-east Africa; the Tigris-Euphrates in Western 
Asia and the Indus in the Indian sub-continent. In pre-historic times, 
nomadic pastoralists migrated with their animals from these areas to many 
parts of the world (Devendra & ~Leroy, 1982). The ancestors of the European 
domesticated breeds were thought to have originated from South West Asia and 
entered Eastern Europe already domesticated. 
The domesticated goat belongs to the mammalian order Artiodactyla, sub-
order Ruminantia, family Bovidae and the genera Capra. Of the five wild 
species in the genus Capra, the domesticated goat is thought to have 
originated from Capra hircus. Capra hircus is now found throughout the world 
with well over 200 identifiable breeds of goats. In Britain there are eleven 
breeds recognised by the British Goat Society. Most have resulted from 
importations and subsequent cross-breeding over the last 150 years, with the 
British Saanen, British Toggenburg, British Alpine and Anglo-Nubian the most 
recognised dairy breeds. 
The British Saanen, derived from the Saanen breed in Switzerland, has 
a white coat and is unsurpassed for milk yield. The British Toggenburg is the 
product of cross-breeding of the Swiss Toggenburg breed. It is brown in 
colour with characteristic white stripes on the face, lower legs and the tail. 
The breed ranks a close second to the British Saanen in milk yield. The 
British Alpine, of similar marking to the British Toggenburg, but black and 
white, is also of Swiss origin. The origins of the British Alpine date back 
to 1908 with the importation of a single Swiss female goat. Inbreeding and 
cross-breeding created the conformation and colour recognised today. The 
Anglo-Nubian is of Eastern origin and owes its distinctive features to the 
Jamnapari goat from India and the Zaraibi goat from Egypt. Anglo-Nubians can 
be any colour and pattern combination, with a distinctive roman nose and large 
13 
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pendulous ears. They produce less milk on average than Swiss counterparts, 
but the milk is of better quality with a higher butterfat and protein 
concentration. In Britain, dairying accounts for most goat products (Devendra 
& MCLeroy, 1982; Devendra & Burns, 1983; Mow 1 em , 1988). 
The Angora goat and improved feral goat are of importance to the British 
fibre industry. In the early 1980's, Angora goats were imported to Britain 
from Australia and New Zealand and interest in the breed for mohair production 
is still on the increase. In the more remote parts of Britain such as the 
Highlands of Scotland, North Wales and the North of England, large populations 
of feral goats can be found. The feral goats of Britain originate from 
escapees at the time of the Highland clearances in the early 19th century. 
Work is being carried out today, selecting for conformation and the percentage 
of fine undercoat fibres (cashmere), to improve the meat and cashmere-
producing qualities of feral goats utilising unimproved uplands (Mackenzie, 
1980; Mowlem, 1988). The interest in fibre production has increased rapidly 
in recent years, resulting in the formation of the Scottish Cashmere 
Producers' Association and the British Angora Goat Society. 
The goat meat industry is increasing with an initial market of the 
ethnic minorities in Britain. However development of the industry is hampered 
by inconsistent production of unwanted male kids over the year and the cost 
of production. The Boer goat from South Africa and, to a lesser extent, the 
Anglo-Nubian breed are recognised to produce the best carcass for meat 
production, but the kids are not by-products of the dairy industry. The Goat 
Producers' Association has extensive promoting and marketing to co-ordinate 
before goat meat (chevon) and goat meat products will be regularly available 
on the supermarket shelves in Britain. 
In the Northern hemisphere, the goat is seasonally polyoestrous with 
breeding activity commencing in September and ceasing in March, whilst goats 
indigenous to tropical regions breed all year round (Devendra & Burns, 1983). 
With the transfer of ruminants from the Northern hemisphere to the Southern 
hemisphere and vice versa, the timing of ovarian activity is adjusted 
accordingly to coincide with the decrease in daylength in autumn (Marshall, 
1937). Of the tropical goat breeds, some are regarded as ·seasonal breeders·; 
14 
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ovarian activity occurs all the year round, but an increase in oestrous 
behaviour and fertility is correlated to factors such as rainfall and feed 
availability. Tropical breeds imported into temperate environments, such as 
the African Dwarf goat kept at the Zoological Park in Edinburgh, continue to 
breed throughout the year. This apparent lack of ability to adjust the timing 
of reproductive activity suggests a genetic difference between tropical and 
temperate breeds in their ability to respond to environmental stimuli. The 
oestrous cycle of the goat lasts an average of 21 days with ovulation 36-48 
hours after the start of oestrus. Gestation in the goat normally lasts 150 
days timing parturition to early in the year in the Northern hemisphere 
(Shelton, 1978). 
1.2 THE OESTROUS CYCLE 
Gonadotropin releasing hormone (GnRH) is released episodically from GnRH 
neurones under the control of the GnRH pulse generator and is central to the 
regulation of oestrous cycles. In ovines, the perikarya of GnRH neurones are 
located in a number of regions including the anterior hypothalamus, the medial 
preoptic area and the septum. Approximately half the GnRH neurones terminate 
in the organum vasculosum of the lamina terminalis with no known function, 
whilst the remaining neurones terminate in the median eminence, proximal to 
the portal blood vessels (Thiery & Martin, 1991). GnRH released from the 
nerve terminals reaches the anterior pituitary via the hypothalarno-pituitary 
portal system and controls the pulsatile secretion of the gonadotrophins, 
luteinising hormone (LH) and follicle stimulating hormone (FSH) (Clarke & 
Cummins, 1982, for reviews see Lincoln & Short, 1980; Karsch et al., 1984; 
Dyer & Robinson, 1989; Thiery & Martin, 1991). The steroids oestradiol and 
progesterone, produced by the maturing follicle and corpus luteum 
respectively, provide positive and negative feedback control essential for the 
orchestration of ovulation and oestrous (Legan & Karsch, 1979; Goodman & 
Karsch, 1981). 
Sheep and goats are polyoestrous, short-day seasonal breeders. 
Decreasing photoperiod in the autumn results in a reduction of the negative 
feedback drive of oestradiol at the GnRH pulse generator. Thus the pulsatile 
15 
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release of GnRH from the neurones is increased which in turn results in a rise 
in both LH pulse frequency and FSH secretion, initiating the follicular phase 
of the oestrous cycle. The increase in peripheral LH and FSH stimulates 
maturation of a follicle(s} in the ovary (Baird & ~Neilly, 1981; Goodman & 
Karsch, 1981; ~Neilly et al., 1992). 
Due to the combined negative feedback effects of oestradiol and inhibin 
acting directly at the pituitary, the concentration of FSH in the peripheral 
circulation declines towards the end of the follicular phase It is thought 
that the dominant follicle(s) destined to ovulate becomes less dependent on 
circulating levels of FSH since the follicular fluid itself contains high 
concentrations of FSH at this time and the decrease in plasma FSH prevents the 
maturation of other potential ovulatory follicles. 
The progressive rise in pulse frequency and level of LH secretion that 
occurs throughout the follicular phase of the oestrous cycle is responsible 
for stimulating increased oestradiol secretion from the granulosa cells of the 
Graafian follicle(s). The rise in oestradiol has a positive feedback effect 
at the level of the pulse generator, increasing the frequency of GnRH release 
and thus LH release. Thus the sustained rise (48h) in tonic LH secretion and 
a level of oestradiol secretion sufficient to induce a positive feedback 
effect, results in the surge of LH necessary for the rupture of the oocyte(s) 
from the follicle (Fig. 1.1.1, Legan & Karsch, 1979; Lincoln & Short, 1980; 
Baird & ~Neilly, 1981; Karsch et al., 1984; MfNeilly et al., 1992). 
Following ovulation, the granulosa cells of the ruptured follicle 
undergo luteinisation, to form the corpus luteum (Baird & MfNeilly, 1981). 
The retention of the corpus luteum involves a positive feedback mechanism 
between luteal oxytocin (a peptide hormone) and prostaglandin Faa (PGFaa) from 
the endometrial cells of the uterus (Flint et al., 1992). For the first 10 
days of the luteal phase the secretion of progesterone from the corpus luteum 
inhibits uterine oxytocin receptor expression. Thus, despite the release of 
oxytocin from the corpus luteum, the production of PFaU from the uterus is 
inhibited, preventing the regression of the corpus luteum. 
If fertilisation of the oocyte occurs, the role progesterone is taken 
over by the production of interferon(s) from the developing blastocyst, pre-
16 
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Pigure 1.1.1 Representation of endocrine changes in relation to the stage of 
the oestrous cycle and growth of ovarian follicles in ovines (Adapted from 
~Neilly et ai., 1992). 
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and then post-implantation. The maternal recognition of pregnancy involves 
the secretion of trophoblast interferon(s} which further inhibits the 
expression of oxytocin receptors on the uterine endometrium and the release 
of PGF2U preventing luteal regression (Flint et ai., 1992). The maintained 
secretion of progesterone from the retained corpus luteum exerts negative 
feedback on the GnRH pulse generator which in turn inhibits the secretion of 
LH and FSH from the pituitary, preventing further ovulations. In ovines, the 
secretion of progesterone is taken over by the placenta approximately 2/3 
through gestation, whereas in caprines the production of progesterone from the 
corpus 1uteum is essential for the maintenance of gestation to parturition 
(Maurice, 1977). 
If fertilisation and implantation do not occur, the uterine oxytocin 
receptors are expressed and prostaglandin F2U, secreted from the uterus causes 
luteolysis. PGF2U release is thought to result from a positive feedback loop; 
oxytocin from the corpus luteum acts on the uterus to stimulate PGF2a 
secretion which acts back on the corpus luteum to stimulate further oxytocin 
release {Flint et ai., 1992}. Regression of the corpus luteum, removes the 
negative feedback of progesterone on the GnRH pulse generator. GnRH pulse 
frequency increases which in turn leads to increased production of LH and FSH 
from the pituitary and the start of another oestrous cycle with successive 
ovulations for the duration of the breeding season (Legan & Karsch, 1979; 
Lincoln & Short, 1980: Karsch et ai., 1984). 
During the anoestrous period under long days, oestradiol negative 
feedback at the hypothalamic GnRH pulse generator holds the frequency of GnRH, 
and thus LH pulse frequency, in check. This increased sensitivity of the 
pulse generator to the negative feedback of oestradiol prevents ovulation and 
thus the onset of oestrous cycles. In addition to the action of photoperiod 
on oestradiol negative feedback, a direct effect of photoperiod is thought to 
contribute to the seasonal fluctuations in the pulsatility of LH secretion 
(Legan et al., 1977: Legan & Karsch, 1979; Karsch et al., 1984; Robinson et 
al., 1985b). A direct photoperiodic drive is based on observations of long-
te~ ovariectomized ewes; summer LH secretion of a low frequency and high 
amplitude shifts to a high frequency and low amplitude pattern of LH secretion 
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in the winter (Goodman et al., 1982). 
Pinealectomy of oestradiol-implanted ovariectomized ewes resulted in a 
failure to respond to changes in photoperiod. Seasonal changes in LH 
secretion became asynchronous from control ewes (Bittman et al., 1983). 
Physiological patterns of melatonin administered to pinealectomised ewes 
demonstrated that the indoleamine melatonin mediates the photic regulation of 
pulsatile LH secretion (Bittman et al., 1985). Thus, photoperiod determines 
the pattern of melatonin secretion from the pineal gland which governs the 
frequency of GnRH release from the hypothalamic pulse generator. This in turn 
determines the frequency of LH release from the pituitary and initiation of 
ovarian activity (Bittman et al., 1985; Robinson et al., 1985b; Chemineau et 
al., 1988). 
A seasonal change in the responsiveness of oestradiol negative feedback 
on the GnRH pulse generator and a direct steroid-independent pathway of 
photoperiod are both involved in determining the onset of seasonal 
reproductive activity. 
1.3 MELATONIN - THE SEASONAL ZEITGEBER 
1.3.1 Melatonin 
Isolation of melatonin from the pineal gland was achieved by Lerner et 
ale in 1958 through his search for the amphibian skin lightening factor 
present in bovine pineals. The indoleamine, melatonin, (5-methoxy-N-
acetyltryptamine) was later chemically characterised (Lerner & Case, 1959). 
Due to its action on amphibian melanophores and melanin aggregation, Lerner 
and colleagues proposed the name melatonin for the skin lightening compound. 
The nomenclature was found to be inappropriate since in mammals melatonin has 
no effect on skin pigmentation, but is concerned with the timing of seasonal, 
and to some extent, circadian rhythms. In mammals photoperiodic changes, 
perceived through the nocturnal secretion of melatonin, control the ttming of 
the breeding season. 
The pineal gland of vertebrates has a long evolutionary history. Some 
fish, reptiles and amphibians have a complex pineal differentiated into two 
regions, the pineal gland and the parietal eye. A latitude gradient has been 
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observed in the presence of the parietal eye, with lizards in high latitude 
possessing this gland. In many species, there are skin modifications to 
provide a pigment free ·window· over the pineal gland (Vivien-Roels & Pevet, 
1983) . The pineal of non-mammalian vertebrates is thought to integrate 
changes in the environmental factors temperature and photoperiod. 
The pineal gland of mammals is heterogeneous in size, shape and 
position. The elongated pineal of rodents extends from the third ventricle 
to immediately beneath the skull, while the more compact pineal of the sheep 
can be located if the occipital lobes of the cerebral hemispheres are pulled 
apart. Mammals indigenous to Arctic or Antarctic regions, such as the sea 
lion, walrus and king penguin, have been found to have large pineals whilst 
equatorial mammals have small pineals (rhinoceros) or the gland is non-
existent (anteater and crocodile). The morphological variations in the pineal 
gland are thought to have evolved as a consequence of the seasonal extremes 
perceived in environmental photoperiod and temperature fluctuations with 
increasing latitude (Vivien-Roels & Pevet, 1983). 
The mammalian pineal gland synthesises a number of indoles and peptides 
of which melatonin is the most biologically active. Although the pineal is 
identified as the major source of melatonin, it is also synthesised in the 
retina, Harderian gland, and the gut (see Arendt, 1986, for review). Since 
its isolation, the biosynthesis of melatonin in the mammalian pineal was 
rapidly clarified, with the precursor established as the essential amino acid, 
tryptophan (see Sugden, 1989 for review). 
1.3.2 Melatonin Synthesis and Secretion 
Retina - Pineal Innervation 
Variations in light and dark are transmitted from the photoreceptors of 
the retina via a monosynaptic tract, the retino-hypothalamic tract, which 
terminates in the suprachiasmatic nuclei (SeN) in the anterior hypothalamus. 
This pathway is independent of the visual system (Fig 1.1.2). The seN is 
regarded as the primary central rhythm generator. SeN lesions lead to a loss 
of virtually all circadian rhythms including that of endogenous melatonin 
secretion which is entrained to a 24 hour rhythm by the light-dark cycle. 
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Pigure 1.1.2 Innervation of the pineal gland: The pathway of photic 
information and the pattern of melatonin secretion under long days and short 
days. 
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Lesions between the SCN and the pineal or continuous light leads to a loss of 
melatonin rhythm, while disconnection between the retina and the SCN or 
continuous darkness leads to a free running rhythm of around 24 hours, id est 
a circadian rhythm (Rollag & Niswender, 1976; Arendt et al., 1980; Lincoln et 
al., 1982; Arendt, 1986). A mUlti-synaptic pathway, via the paraventricular 
nuclei, connects the SCN to the superior cervical ganglia, with sympathetic 
innervation to the pineal gland (Klein et al., 1983; for review see Tamarkin 
et al., 1985). In the pineal gland the postganglionic sympathetic fibres 
terminate proximal to the pinealocytes (Klein, 1985; Reiter, 1988). 
The neurotransmitter, noradrenaline, is released from the sympathetic 
nerve terminals during the hours of darkness and through a1- and P1-
adrenoreceptors on the pinealocytes, leads to activation of the second 
messenger cyclic AMP system (Sugden et al., 1985, Morgan et al., 1989 and 
Sugden, 1989). ~-adrenoreceptor stimulation in turn activates the enzyme 
adenylate cyclase via a stimulatory guanine nucleotide binding protein which 
results in the synthesis of cyclic AMP. The resultant increase in cyclic AMP 
stimulates the activation of the enzyme serotonin-N-acetyltransferase (SNAT). 
The mechanism whereby cyclic AMP leads to activation of SNAT is not 
delineated, but it is thought to be mediated by cyclic AMP-dependant protein 
kinase stimulation (Sugden, 1989). 
Stimulation of the a1-adrenoreceptors alone does not induce SNAT 
activity, however it markedly amplifies the response to ~1-adrenoreceptor 
stimulation. The potentiation of the ~1-adrenergic response is thought to 
involve a Ca2+ activated protein kinase C. A negative feedback system also 
mediated by protein kinase C controls the extent of a1-adrenergic stimulation. 
Thus on initial exposure of the pinealocyte to noradrenaline, the a1- and Pl-
receptors are activated, with the a1- stimulation enhancing the p1-adrenergic 
elevation of cyclic AMP. Subsequent desensitisation of the al-adrenoreceptors 
by protein kinase C ensures the regulation of cyclic AMP stimulation and the 
subsequent activation of the enzyme SNAT involved in the biosynthesis of 
melatonin. 
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Melatonin Synthesis 
The precursor of melatonin is the essential amino acid tryptophan, taken 
up from the circulation by the pinealocytes (Fig 1.1. 3) . Tryptophan is 
converted to serotonin by first hydroxylation and then de-carboxylation. The 
concentration of serotonin in the pineal during light hours is high, leading 
to early postulations of a pineal hormonal activity in its own right. Pineal 
serotonin is now thought to act solely as the precursor of melatonin. As 
described previously, noradrenergic stimulation of the adrenoreceptors on the 
pinealocytes during the hours of darkness leads to activation of serotonin-N-
acetyltransferase (SNAT, Fig 1.1.3). Acetylation of serotonin by SNAT to N-
acetyl serotonin is probably the rate limiting step in most circumstances. 
The enzyme, hydroxyindole-O-methyltransferase (HIOMT) converts N-acetyl 
serotonin to melatonin (for review see Sugden (1989). Melatonin is not stored 
in large quantities in the pinealocytes and is rapidly metabolised by the 
liver, (a biological half life ranging from 4-45 minutes), thus secretion of 
melatonin into the circulation and to a lesser extent the cerebrospinal fluid, 
closely reflects production (Rollag et al., 1978b). 
Melatonin Secretion Patterns 
Production of melatonin from the pineal gland is suppressed by light and 
stimulated by darkness. The duration of melatonin secretion is positively 
correlated to the period of darkness in the 24h light-dark cycle with levels 
elevated during the dark hours (Arendt, 1985). Thus, with the short nights 
in summer, there is a corresponding short duration of elevated circulating 
melatonin and during the long nights of winter, a long duration of melatonin 
secretion (Fig 1.1.2). In the mammals studied to date, the melatonin rhythm 
is endogenous and entrained by the prevailing photoperiod (Almeida & Lincoln, 
1984; Malpaux et al., 1988a; 1989). In continuous darkness, the melatonin 
rhythm persists or "free-runs" to approximately 24 hours due to the existence 
of an internal rhythm-generating system or "biological clock" located in the 
seN. The role of the light/dark cycle is therefore to entrain the endogenous 
melatonin rhythm to the prevailing seasonal photoperiod (Lincoln et al., 
1985b). 
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In the species studied to date, the secretion profiles of melatonin in 
response to seasonal photoperiodic changes are similar. Irrespective of 
whether species are nocturnal or diurnal, long-day breeders or short-day 
breeders, peripheral melatonin levels are highest at night and lowest in the 
day. Differences in gestation length impose the requirement for mating at 
various times of the year to ensure an optimum timing of parturition for 
survival of the offspring. As a result, mammalian species have evolved to 
respond to temporal information in different ways, with a long-day melatonin 
profile inducing ovarian activity in rodents, and a short-day melatonin signal 
initiating reproductive onset in short-day seasonal breeders such as sheep, 
deer and goats. The reproductive response to photoperiod is mediated by the 
pineal gland but how the secretion of melatonin codes for day length remains 
controversial. 
1.3.3 Photoperiod Perception and Control of Seasonal Breeding 
Pinealectomy and removal of the superior cervical ganglia, which 
abolishes the sympathetic innervation to the pineal (and all other cranial 
structures), renders the animal non-photoperiodic (Lincoln, 1979a; Lincoln, 
1979b; Bittman et al., 1983 Karsch et al., 1984). The normal photoperiodic 
control in seasonally breeding animals is removed and the timing of 
reproductive activity becomes asynchronous from the control animals (Lincoln, 
1979b; Bittman et al., 1983; 1985). In long-term pinealectomised or 
ganglionectomised rams kept in natural environmental conditions, photoperiodic 
control is negated, but other environmental cues such as temperature, 
nutrition and social factors can synchronise reproductive and endocrine cycles 
(Lincoln et al., 1989). 
Two hypotheses have been proposed to determine how melatonin acts as a 
neuroendocrine transmitter of photoperiodic information controlling the timing 
of reproductive activity in seasonal breeders. In the duration hypothesis, 
the length of elevated melatonin secretion corresponding to the length of the 
dark phase at different times of the year regulates the timing of the breeding 
season (Yellon et al., 1985; Wayne et al., 1988). In the phase hypothesis, 
the coincidence of melatonin release with a sensitive period in the 24 hour 
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light/dark cycle determines reproductive onset. As the photoperiod changes 
over the year, so does the relationship between the timing of elevated 
melatonin and the sensitive period (Rollag et ai., 1978a; For reviews see 
Karsch et ai., 1988; Reiter, 1987). The former hypothesis is the most widely 
accepted since the duration of melatonin secretion corresponds to the period 
of darkness in natural or controlled photoperiodic conditions. Timed 
exogenous melatonin treatments in pinealectomised ewes have been shown to 
drive the reproductive cycle when given at different times during the 24h 
cycle (Rollag et ai., 1978; Arendt et ai., 1981; Lincoln & Almeida, 1981; 
Bittman et ai., 1983; Yellon et ai., 1985). With regard to the duration 
hypothesis, work by Robinson & Karsch (1987) emphasised the necessity to take 
into consideration previous photoperiodic history. Thus, it is not just the 
absolute duration, but the relative change in the duration of melatonin 
secretion profiles which transduces the photoperiodic information in seasonal 
breeders. 
The importance of the nocturnal rise in circulating melatonin in timing 
seasonal reproductive function in mammals is well established (Rollag et ai., 
1978; Arendt et ai., 1981; Lincoln & Almeida, 1981; Bittman et ai., 1983). 
Exogenous melatonin treatments and photoperiodic manipulations have been 
successful in controlling the timing of the breeding season in, for example, 
the ewe (Arendt et ai., 1983), ram (Lincoln & Short, 1980), the goat (Mori et 
al., 1984; Chemineau et al., 1986; Deveson et al., 1992) and deer (Bubenik et 
al., 1986). The extent of reproductive advance is not affected by the route 
of melatonin administration and although timed daily doses result in more 
physiological plasma concentrations, it is not deemed essential (English et 
al., 1986; Poulton et al., 1987). Subcutaneous melatonin implants elevate 
plasma melatonin concentrations for a number of months with the maintenance 
of a 24 hour rhythm (Lincoln & Ebling, 1985; English et al., 1986). The 
supraphysiological concentrations of melatonin resulting from an implant do 
not block the endogenous release, which is superimposed over the high 
baseline. The continuously elevated melatonin is functionally read as a 
short-day pattern and induces short-day reproductive responses. 
Regardless of the route of administration, the timing of exogenous 
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melatonin with respect to prior photoperiodic exposure will affect the 
interpretation of a given melatonin signal and its effect on the breeding 
season. Work by Chemineau et al., (1986) demonstrated a requirement for a 
period of long days in goats which had previously perceived the natural 
decrease in daylength during the autumn and winter, before they were 
responsive to a short-day exogenous melatonin signal. The goats were 
otherwise refractory to the short-day photoperiod. Photorefractoriness is 
expressed during prolonged exposure to daylengths which were initially 
inhibitory (long days for a short-day breeder), with spontaneous induction of 
the breeding season and conversely, during extended exposure to day lengths 
which were initially inductive (short days for a short-day breeder), with 
spontaneous termination of the breeding season. Oestrous and anoestrous onset 
are thought to result from photorefractoriness to the preceding photoperiod 
(Worthy & Haresign, 1983; Robinson & Karsch, 1984; Robinson et al., 1985). 
Work by Malpaux et ale (1987; 1988b) demonstrated that neither the 
duration or phase of the melatonin signal was altered in ewes refractory to 
short or long photoperiods. Thus the patterns of melatonin secretion remained 
appropriate for the imposed or natural photoperiod, implicating a modification 
in the post-pineal processing of the photoperiodic message as opposed to an 
alteration of the melatonin signal per see This work is in accordance with 
that of Karsch et al., 1986, but conflicted with the work of Almeida & Lincoln 
(1984) who reported variations in the melatonin signal in refractory rams. 
Robinson & Karsch (1987) studied the effect of relative change of 
photoperiodic information on the temporal regulation of the reproductive 
cycle. After maintaining ewes on either a photoperiod of 16L:8D or 10L:4D, 
both groups were transferred to 13L:11D. The resultant 3 hour reduction in 
daylength from 16h-13h light initiated a reproductive response, whilst the 3 
hour increase in daylength from 10h-13h light was inhibitory to reproduction. 
Thus photoperiodic change and the relative direction of change is more 
critical than the absolute daylength (Robinson & Karsch, 1987; Malpaux et al., 
1988c). Further work by Malpaux et al., (1989) proposed that the timing of 
exposure to a lengthening photoperiod in the spring provides the cue governing 
the onset of ovarian activity in the following autumn. Percept ion of 
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lengthening days in the spring entrains the endogenous rhythm in reproduction 
and conunits the short-day seasonal breeder to autumnal reproductive activity. 
1.3.4. The Pineal-Hypothalamo-Pituitary Gonadal Axis? 
Melatonin is thought to control secretion from the pituitary lactotrophs 
and gonadotrophs. (The influence of melatonin on prolactin secretion is 
reviewed in the next section). An integration of photoperiodic and steroidal 
signals are thought to control the frequency of secretion of gonadotrophin 
releasing hormone (GnRH) from the hypothalamic pulse generator and thus LH 
pulsatility (Section 1.2, Fig 1.1.4, Clarke & Cummins, 1982; Goodman et al., 
1982; for reviews see Lincoln & Short, 1980; Goodman & Karsch, 1981; Karsch 
et al., 1984). During anoestrous, the negative feedback of oestradiol reduces 
the frequency of the hypothalamic pulse generator, thus LH secretion, below 
that necessary to elicit the preovulatory LH surge. Dur ing the breeding 
season, the efficacy of the oestradiol negative feedback decreases, LH 
frequency increases (amplitude suppressed) and ovulation is induced. Thus 
there is a marked seasonal change in the oestradiol negative feedback of the 
ewe and goat (Legan et al., 1977; Goodman et al., 1982; Bittman et al., 1983; 
Robinson et al., 1985b; Chemineau et al., 1988). In the absence of gonadal 
steroids through ovariectomy, the frequency of LH pulses and overall LH 
concentration changes with the season implicating a direct photoperiodic drive 
to the hypothalamic pulse generator (Goodman et al., 1982; Karsch et al., 
1984). Bittman et ale (1985) demonstrated that the effects of photoperiod on 
the frequency of LH secretion are mediated through the secretion of melatonin 
from the pineal gland. 
Although melatonin is thought to influence GnRH pulse frequency, the 
location of the hypothalamic pulse generator is unclear. Current evidence 
suggests the oscillator resides in the medial basal hypothalamus with neuronal 
projections into the median eminence (Domanski et al., 1980, Lechan, 1987). 
Recent advances in autoradiographical techniques and the use of a 
physiologically-effective iodinated melatonin analog, has enabled the 
identification of melatonin binding regions. Considerable species variability 
has been observed between short-day and long-day breeders which may account 
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Figure 1.1.4 A diagrammatic representation of the neuroendocrine control of 
reproduction. AP, anterior pituitary; PP, posterior pituitary; LH, 
luteinising hormone; GnRH, gonadotrophin releasing hormone; SeN, 
suprachiasmatic nuclei. (Adapted from Karsch et al., 1984). 
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for differences in transduction of the melatonin signal (Morgan & Williams, 
1989) . Species differences have also been attributed to circannual or 
circadian variations in melatonin receptor density or affinity which have not 
been fully investigated (Zisapel et al., 1985). Three main sites of ovine 
melatonin binding, of varying intensity, have been established: pars 
tuberalis; suprachiasmatic nuclei and hippocampus (Morgan et al., 1989; Morgan 
& Williams, 1989; de Reviers, 1989; Bittman & Weaver, 1990). Non-existent 
binding in the pineal gland or the pars distalis precludes these areas as site 
of melatonin action, but the functional role of the three tissues identified, 
in relation to reproduction and other seasonally influenced physiological 
functions, is not yet established. 
Thus, photoperiodic changes perceived through the nocturnal secretion 
of melatonin from the pineal gland controls the timing of the breeding season. 
How melatonin mediates its effects on the hypothalamic pulse generator remains 
unresolved, whilst the GnRH control of pulsatile LH release from the pituitary 
and down-stream events is well established. 
1.3.5 Commercial Application of Photoperiodic Control and Melatonin 
Manipulation of the timing of the breeding season in sheep and deer 
allows the production of young to be distributed over the year and thus 
exploitation of the annual price variation is possible. A spread in the 
production of goat kids may enable expansion of the goat meat industry. In 
milking sheep and goats, it enables the peak milk yield to be spread, leading 
to a more consistent supply over the year for the consumer. 
Administration of melatonin has been shown to advance ovarian activity 
(Arendt et al., 1983), although melatonin treatments alone are only effective 
from mid-summer due to the requirement of a prior period of long days (Nowak 
& Rodway, 1985: English et al., 1986; Chemineau et al., 1986). This is due 
to the phenomenon of refractoriness to the previous winter short days, 
rendering the animals insensitive to the short-day melatonin signal, which is 
broken only by pretreatment with long days (Worthy & Haresign, 1983; Robinson 
& Karsch, 1984). Chemineau et ale (1986) established that in order to obtain 
a maximal advance in ovarian activity and oestrous behaviour, a combination 
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of long days, exogenous melatonin and the male effect was required (for 
comprehensive reviews see Chemineau et al., 1988b; Forsyth et al., 1991). 
Arendt and Ravault (1988) investigated the importance of lux intensity 
on the extent of melatonin suppression and concluded that a lux of greater 
than 100 was required in ovines. The previous light intensity perceived can 
affect the sensitivity to light and should be taken into consideration both 
commercially and under experimental conditions. On a commercial scale, daily 
feeding or drenching of melatonin is generally impractical. Continuous 
melatonin administration via subcutaneous implants (Lincoln & Ebling, 1985; 
English et al., 1986; vaginal implants (Nowak & Rodway, 1985) or intraruminal 
soluble glass boluses (Poulton et al., 1987) have been shown to successfully 
induce ovarian activity out of season. A licence for the agricultural use of 
melatonin using the technique of subcutaneous implants has been granted for 
the use in sheep but not goats in the United Kingdom (RegulinR, Staples et 
al., 1992). 
In conjunction with the advance of ovarian activity in the female, 
testicular recrudescence in the male must also be advanced with corresponding 
photoperiod and/or melatonin treatment. Work by Chemineau et ale (1988b) 
showed that subjecting autumn-born ram lambs to a 2 month period of long days 
in the spring, followed by a 3 month period of decreasing daylength resulted 
in an earlier initiation of spermatogenesis. Thus the light treatment in 
prepubertal rams could enable progeny testing of males during their first year 
of life. In further studies by this group, one month alternations between 
long days and short days resulted in maintenance of testicular volume and 
sperm production in rams and billy goats. Thus males in a permanent breeding 
condition were produced. 
In the female, Kennaway et ale (1987) reported that photoperiod and 
melatonin treatments advanced the breeding season and increased the fecundity 
of the ewes, established from the number of lambs born. This conflicts with 
the study by Williams & Ward (1988), who observed high fertility levels but 
average fecundity in autumn lambing ewes. This was attributed to a failure 
to restore body condition prior to mating in June/July. The extent to which 
melatonin treatment increases the lambing percentage remains controversial 
31 
since 
1. Introduction 
commercial husbandry techniques and the prolificacy of the breeds 
investigated varies considerably. 
In theory, since ewes have a 5 month gestation and an approximate 3 
month lactation, it should be possible to produce three sets of lambs over two 
years. Following melatonin treatment in June, the breeding season in ewes was 
significantly advanced to August (Symons et ale 1987). With this treatment 
the cessation of the breeding season was also advanced to December in 
comparison to the controls and in the consecutive year ewes were responsive 
to the melatonin treatment earlier, with an earlier onset of ovarian acti vi ty. 
Further modification of this routine may result in three 1ambings in two 
years. 
1.4 PROLACTIN - THE LACTOGENIC HORMONE 
1.4.1 Prolactin 
Discovery of a factor in pituitary extracts which could stimulate 
mammary gland development and lactation, led to the identification and 
purification of ovine prolactin (White et al., 1937). Prolactin, secreted 
from the 1actotrophs of the anterior pituitary, is a single chain polypeptide 
hormone with three disulphide bridges. The amino acid sequence of ovine 
prolactin was determined in the early 1970's (Li et ale 1969; 1970, Fig 1.1.5) 
and is recognised today to contain 199 amino acids with a molecular weight of 
23,300. 
There is growing awareness of the structural polymorphism of prolactin 
which could account for the wide diversity of biological actions attributed 
to this polypeptide. An indication of the existence of prolactin variants 
emerged when discrepancies were observed in simultaneous measurement of 
prolactin concentrations by both bioassay and radioimmunoassay. Preparations 
with varying proportions of biological and immunological activity have been 
demonstrated. Lewis et ale (1985) reviewed the multiple forms of prolactin, 
classifying glycosylated, deaminated, cleaved and covalently or non-covalently 
linked large forms of prolactin. Isolation and characterisation is incomplete 
and the relevance or physiological significance of the multiple forms remains 
undetermined. 
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Figure 1.1.5 The amino acid sequence of ovine prolactin (From Li, 1972). 
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Considerable species specificity is evident with, for example, a 40% 
difference in residue sequence between rat and human prolactin. Comparing the 
sequences of prolactin and growth hormone within species, significant homology 
is recognisable which suggests the proteins evolved from a common primordial 
precursor. The separate existence of growth hormone and prolactin in nearly 
all groups of lower vertebrates suggests the divergence from the precursor was 
early in evolutionary history (Niall et al., 1971; Li, 1972; Niall et al., 
1973). The evidence for mUltiple roles, both within and between species, of 
prolactin secretion demonstrates the evolutionary changes in perception of 
prolactin cues that have occurred. The main biological actions of mammalian 
prolactin concern the promotion of mammary growth and lactation with more 
recent interest in aspects of seasonality. The actions of prolactin are 
reviewed more extensively later in this section. 
1.4.2 Circannual and Circadian Prolactin Secretion 
Temperate species show a well defined circannual rhythm in prolactin 
secretion, with concentrations low during the winter months and high in the 
summer (Pelletier, 1973; Buttle, 1984; Ravault, 1976). Photoperiodic control 
has been shown to influence the timing of prolactin secretion (Lincoln et ale 
1978; Mori et al. 1985). Ambient temperature is also implicated in mediating 
changes in prolactin secretion (Tucker & Wettemann, 1976; Schillo et al., 
1978; Prandi et al., 1988). Results from the elegant study by Prandi et ale 
(1988) concluded that photoperiod mediated circannual variations, while 
fluctuations in ambient temperature modified the underlying pattern of 
secretion. Thus of the environmental cues, temperature and day-length, the 
latter is thought to be the primary factor controlling seasonal variations in 
prolactin secretion. 
Considerable evidence exists that the seasonal pattern of nocturnal 
melatonin secretion acts as an endocrine transmitter of photoperiodic 
information, controlling prolactin secretion from the anterior pituitary. 
Exogenous melatonin, simulating a short-day photoperiod, suppressed plasma 
prolactin (Kennaway et al., 1982; Symons et a1., 1983; Poulton et a1., 1985) 
and pinealectomy of the ewe disrupts the photoperiodic control of prolactin 
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secretion (Brown & Forbes, 1980; Allain et al., 1986; Poulton et al., 1989). 
The mechanism of action of melatonin in the control of prolactin secretion 
from the anterior pituitary, whether direct or indirect, remains to be 
determined. 
Existence of a circadian rhythm in prolactin secretion was controversial 
due to inconsistencies in results, but with improved assay techniques and 24 
hour studies throughout the year, more conclusive evidence is available. The 
presence of dusk and dawn peaks in prolactin secretion in sheep and goats was 
reported by Ravault and Ortavant (1977), Lincoln et ale (1978), Brown and 
Forbes (1980) and Mori et ale (1985), with the more evident surge in prolactin 
secretion observed at dusk. 
To account for annual variations in prolactin secretion Ravault and 
Ortavant (1977) proposed the existence of a photo-inducible phase during a 
diurnal rhythm. They maintained sheep on a short photoperiod of 8 hours light 
and 16 hours dark, but gave the light hours in a fixed block of 7 hours 
followed by a one hour pulse at different times relative to dawn. Despite 
only a total of 8 hours light, sheep with a one-hour light pulse at hour 17 
from dawn expressed plasma prolactin concentrations in accordance with values 
observed under a summer photoperiod of 16L:8D. They concluded that if the 
period of illumination in 24 hours coincided with the photosensitive phase, 
a physiological response would be initiated, id est, increased prolactin 
secretion in the summer months. Brown and Forbes (1980) reported a lack of 
circannual variation in sheep following pinealectomy, but the existence of a 
peak in prolactin secretion at dusk was still evident. This conflicts with 
the work of Poulton et ale (1989), who observed no defined circannual or 
circadian rhythm in pinealectomised ewes. The role of melatonin in 
controlling the timing of the circadian peaks in prolactin is undetermined. 
1.4.3 The Actions of Prolactin 
Numerous physiological actions have been identified for prolactin of 
which its actions on reproduction and lactation are most historically 
recognised (for reviews see Nicoll & Bern, 1972; Cowie & Forsyth, 1975; 
M"Neilly, 1980; Ben-Jonathan et al., 1989). It would appear that the seasonal 
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change in prolactin secretion has arisen as a result of a neuroendocrine 
pathway, common to all photoperiodic species and individual species have 
evolved to respond to this cue in a number of ways. This has led to diverse 
roles for prolactin both within and between species. In the mustelids, mink 
and skunk, and some marsupials, prolactin plays a role in embryonic diapause. 
In the skunk, for example, mating occurs in the autumn and is followed by a 
period of embryonic diapause until the next spring where the seasonal increase 
in prolactin stimulates the corpus luteum to produce progesterone and 
pregnancy resumes. 
In the ewe, a rise in plasma prolactin has been reported after luteal 
regression and is maintained until the end of the ovulatory LH surge (Kann & 
Denamur, 1974; Lamming et al., 1974). It is suggested that the pro-oestrous 
rise in prolactin is related to the increasing levels of oestradiol during the 
periovulatory period. Controversy existed as to whether the surge in 
prolactin was necessary for the orchestration of ovulation in the ewe. 
MCNeilly (1980) concluded that the surge in prolactin, if it occurs around the 
time of the LH surge, is related to the increased secretion of ovarian 
oestradiol, but it occurs as a consequence and is not the cause of ovulation. 
As outlined previously, it is well recognised that photoperiod modifies 
gonadotrophin secretion by altering the sensitivity of the GnRH pulse 
generator to oestradiol negative feedback in conjunction with a direct 
photoperiodic inhibition (Legan et al., 1977; Robinson et al., 1985; Karsch 
et a1., 1985). Despite the marked circannual variation in prolactin secretion 
in seasonal breeders such as sheep, deer and goats, strong evidence exists for 
the dissociation of prolactin from factors involved in the control of oestrous 
and anoestrous onset in the ewe and testicular regression and recrudescence 
in the ram (Worthy & Haresign, 1983; Alrnedia & Lincoln, 1984; Worthy et a1., 
1985) . 
Mammogenesis accelerates during the last third of gestation, involving 
primarily prolactin in concert with oestrogens, corticosteroids and in some 
species growth hormone (Cowie, 1971). During late gestation in some species, 
the role of prolactin may be partly taken over by placental lactogen (Buttle 
et a1., 1972). Lactogenesis is inhibited by progesterone in the rat thus 
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preventing lactation during pregnancy. At parturition the level of 
progesterone decreases rapidly and concomitant with an increase in prolactin 
secretion, lactation is initiated. In mammals, withdrawal of progesterone is 
thought to be important in the onset of milk secretion, but only in the 
presence of adequate levels of prolactin (Hart, 1972; Kann & Denamur, 1974). 
Galactopoiesis, the maintenance of lactation, is controlled by a number 
of hormones, the relative importance of which varies with species. The 
neuroendocrine reflex in response to suckling and milking induces a rapid 
surge in prolactin, stimulating milk synthesis and secretion from the alveolar 
cells of ruminants and non-ruminants (Buttle et al., 1972; Hart, 1973b; De 
Greef & Visser, 1981; Murai & Ben-Jonathan, 1987). Hypophysectomy abolishes 
milk secretion and in the sheep and goat, restoration of galactopoieses 
requires prolactin, growth hormone, adrenocorticotrophin and thyrotropin. 
Once initiated, milk production in ruminants continues in the absence of 
prolactin (Cowie, 1969). This observation was confirmed by the work of Hart 
(1973b) who reported no significant change in the milk yield of goats, 
following suppression of plasma prolactin by the dopamine agonist, 
bromocriptine. Oxytocin, released in response to suckling stimuli from the 
posterior pituitary, results in contraction of myoepithelial cells and milk 
ejection. 
A number of growth effects of prolactin have been reported which may be 
attributed to the evolution of prolactin and growth hormone from a common 
precursor. The actions are reviewed by Nicoll & Bern (1972). Major growth 
promoting effects include mammary development, mentioned previously, feed 
intake and coat growth. Linked to the role of prolactin in lactation, studies 
in the rat have shown that prolactin stimulates feed intake (Gerado-Gettens 
et al., 1989). Ruminants show an annual cycle in feed intake and metabolic 
rate. Prolactin is implicated in mediating these effects but separation of 
the role of prolactin from other seasonally influenced hormones, is 
complicated further by differences in nutrient partitioning and fat 
deposition, dependant on growth and reproductive state. 
The seasonal variations in prolactin secretion reported in a number of 
species has led to detailed investigations of a causal relationship with 
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seasonal coat growth and moulting patterns. Prolactin involvement in coat 
moult cycles has been studied in the Djungarian Hamster (Duncan & Goldman, 
(1984), mink (Martinet et al., 1981), fox (Smith et al., 1987), sheep (Lincoln 
& Ebling, 1985) and deer (Bubenik et al., 1986). The role of prolactin and 
the interaction of another seasonally-influenced factor, melatonin, will be 
discussed in more detail in the following chapter. 
Prolactin is important in the osmoregulation of teleosts, amphibians, 
reptiles and birds (see Nicoll & Bern, 1972). The lactogenic, galactopoietic 
actions and, to a lesser extent, the effect on kidney function are the few 
reported osmoregulatory actions of prolactin in mammals. Maternal behaviour 
in birds is attributed among other factors to prolactin but information 
regarding mammals and in particular, ruminants, is scarce (Cowie & Forsyth, 
1975) . 
In temperate regions, there is a marked variation in the environmental 
factors of temperature and photoperiod. Prolactin is influenced by both of 
these seasonal parameters and a number of the diverse functions of prolactin 
have evolved in different species linked to seasonality. Acting as a complex 
of a number of hormones, prolactin is associated with reproduction, 
manunogenesis, feed intake, metabolic regulation, coat moulting and 
osmoregulation. The relative importance of each function and the hormonal 
synergism varies markedly with species. 
1.4.4 The Hypothalamus-Pituitary Axis 
The mammalian pituitary gland is composed of two parts, the 
adenohypophysis and neurohypophysis, which connect to the hypothalamus by 
vascular and neural links respectively. The adenohypophysis originates as a 
outgrowth from the buccal ectoderm, whereas the neurohypophysis is derived 
from a downgrowth of the diencephalon floor (Fig 1.1.6). 
The adenohypophysis is composed of three parts, namely the pars 
distalis, pars tuberalis and pars intermedia (intermediate lobe) (Hotmes & 
Ball, 1974). The pars distal is is well vascularised and contains distinct 
hormone secreting cell types including the gonadotrophs, somatotrophs and 
lactotrophs, of which the latter secrete prolactin. The pars tuberalis 
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Figure 1.1.6 Anatomical organisation of the hypothalamo-hypophysial axis. 
The adenohypophysis is composed of three parts; the pars distalis, pars 
tuberalis and the pars intermedia (intermediate lobe). The neurohypophysis 
is composed of three parts, namely the median eminence in the basal 
hypothalamus, the pituitary stalk and the neural lobe (Holmes & Ball, 1974). 
MN, magnocellular endocrine neurone; PN, parvicellular endocrine neurone 
(Adapted from Karsch, 1986). 
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contains some hormone t" 11 
secre 1ng ce s, predominantly gonadotrophs and 
thyrotrophs, whilst the intermediate lobe is comprised of melanotrophs. The 
intermediate lobe is well innervated and in most mammals, is separated from 
the pars distal is by the hypophysial cleft. 
The neurohypophysis is composed of three parts identified as the median 
eminence in the basal hypothalamus, the pituitary stalk and neural lobe 
(Holmes & Ball, 1974). The median eminence at the base of the hypothalamus, 
is composed of the floor of the third ventricle and is continuous with the 
pituitary stalk. The median eminence consists ofaxons and terminals of 
hypothalamic and extra-hypothalamic neurones and cells called tanycytes which 
line the third ventricle and potentiate the transfer of information from the 
cerebrospinal fluid to the pituitary. The primary capillary plexus connected 
with the hypothalamo-pituitary portal system resides in the median eminence. 
The pituitary stalk contains nerve tracts which terminate in the neural and 
intermediate lobes and in the short portal vessels which lead to the pars 
distalis. The neural lobe is made up ofaxons and nerve endings with 
specialised cells called pituicytes. It has its own vascular supply and short 
portal vessels which connect it to the pars distalis. 
In the following account, the anterior pituitary will refer to the pars 
distalis and the pars tuberalis, whilst the posterior pituitary will refer to 
the neural lobe and the intermediate lobe. 
Prolactin Inhibiting Factors 
There is considerable evidence that prolactin secretion from the 
lactotrophs in the anterior pituitary is under hypothalamic inhibition. 
Hypothalamo-pituitary disconnection, hypothalamic lesions or in vitro 
incubation results in increased prolactin secretion and a decline in the 
release of other pituitary hormones. The catecholamine, dopamine has been 
identified as the main physiological inhibiting factor (for reviews see Ben-
Jonathan et a1., 1980; 1985; 1989). Noradrenaline and gamma amino butyric 
acid, along with other factors, have been proposed as prolactin inhibiting 
factors, but their physiological importance has yet to be fully verified. 
However, Ben Jonathan et a1. (1977) and Gibbs & Neill (1977) have established 
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the physiological concentration of dopamine in hypophysial portal blood to be 
sufficient to inhibit prolactin secretion in the rat. In a comparative study 
of the rat and ewe, Thomas et ale (1989) observed high dopamine levels in the 
portal blood of the rat in accordance with previous studies, but were unable 
to detect dopamine in the portal blood of the ewe. They concluded a species 
difference in the secretion of dopamine into portal blood, although this does 
not preclude a role for dopaminergic control in the ewe since administration 
of the dopamine agonist bromocriptine and the antagonists chlorpromazine and 
metoclopramide have marked inhibitory or stimulatory effects, respectively, 
on prolactin secretion (Land et al., 1980; Thomas et al., 1986). The 
undetectable levels of dopamine in portal blood in the ewe, reported by Thomas 
et ale (1989), may be attributed to the time of year. The trial was carried 
out in the summer, when prolactin levels are seasonally high, suggesting that 
seasonal variation in prolactin secretion results from a reduction of dopamine 
release, thus dopaminergic inhibition, at different times of the year. 
Three distinct dopaminergic neuronal systems have been identified, each 
with cell bodies in the medial basal hypothalamus. Dopamine, released from 
nerve terminals of tuberoinfundibular (TIDA) neurones in the median eminence, 
reaches the lactotrophs in the anterior pituitary via the portal blood. The 
TIDA neurones form part of a feed back loop, maintaining a stable basal 
prolactin level (see Tuomisto & Mannisto, 1985; Ben-Jonathan et al., 1989 for 
reviews). The tuberohypophysial (THDA) neurones extend both to the neural 
lobe and intermediate lobe of the posterior pituitary. Dopamine released in 
the neural lobe can reach the anterior pituitary via the short portal vessels, 
while, in the intermediate lobe, the THDA neurones synapse with glandular 
cells thought to be melanotrophs. A transient increase in prolactin 
concentration in the ewe after posterior pituitary lobectomy, was suggested 
to be attributed to a withdrawal of dopaminergic inhibition. In the sheep, 
dopamine may reach the anterior pituitary via the short portal vessels, 
connecting the posterior and anterior pituitary lobes, in addition to the long 
portal system (Thomas et al., 1989b) 
The post-receptor mechanism whereby dopamine inhibits prolactin 
secretion is not completely delineated. It is suggested that dopamine 
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inhibits adenylate cyclase activity and thus the second messenger cyclic AMP 
system, through the D2-receptors on the lactotrophs, to suppress the release 
of prolactin (Enjalbert & Bockaert, 1983). Schettini et ale (1983) also 
implicated an interrelationship between the cyclic AMP system and the calciurn-
calmodulin system in the control of prolactin secretion from lactotroph cells 
in the anterior pituitary. 
Hypothalamic Prolactin Releasing Factors 
In response to external stimuli, an increase in circulating prolactin 
levels is thought to result from a withdrawal of dopaminergic inhibition, 
concomitant with an increase in the secretion of prolactin releasing factors. 
A number of factors have been identified which stimulate the secretion of 
prolactin both in vivo and in vitro, namely, oestradiol-17~, vasoactive 
intestinal peptide (VIP), thyrotropin releasing hormone (TRH), serotonin, the 
precursor of melatonin, and angiotensin-II (for reviews see Ben-Jonathan et 
al., 1989; Lamberts & MaCLeod, 1990). 
Increased secretion of oestrogens from the developing ovarian follicle 
have been shown to be instrumental in the pro-oestrous increase prolactin 
secretion in the ewe (Kann & Denamur, 1974; Lamming et al., 1974; for review 
see MCNeilly, 1980). The increase in prolactin at pro-oestrous is thought to 
be due to an increase in oestradiol, but also to a reduction in hypothalamic 
dopamine turnover, and thus a decline in prolactin inhibition. Administration 
of oestradiol resulted in increased peripheral prolactin concentrations, 
however prolactin is not involved in mediating ovulation since administration 
of the dopamine agonist bromocriptine, to suppress prolactin, did not prevent 
the LH surge or ovulation (~Neilly, 1980). 
The hypothalamic tripeptide, thyrotropin releasing hormone (TRH) is 
recognised as the major physiological stimulator of thyroid stimulating 
hor.mone (TSHi Davis & Borger, 1973) and TRH has since been postulated as the 
main physiological prolactin releasing factor. Due to inconsistencies in 
results and dissociation between TRH and prolactin levels, this hypothesis is 
challenged. TRH is thought to be involved in the suckling-induced increase 
in rat prolactin, demonstrated by a corresponding increase in hypothalamic TRH 
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and decrease in dopamine levels (De Greef & Visser, 1981). However, Thomas 
et ale (1988b; 1988c), established a direct stimulatory action of TRH at the 
anterior pituitary, but found no correlation between hypothalamic TRH and 
circulating prolactin levels in response to suckling stimuli in the ewe. The 
physiological significance of TRH in the control of prolactin secretion was 
debated further when active immunisation against TRH did not inhibit increased 
prolactin levels normally observed during pregnancy and lactation in sheep 
(Fraser & MCNeilly, 1982). 
Vasoactive intestinal peptide (VIP) is a 28 amino acid peptide, 
concentrated mainly in the cortex but also present in the para ventricular 
nuclei, suprachiasmatic nuclei and median eminence. VIP concentrations have 
been shown to be higher in portal blood than the systemic circulation (Said 
& Porter, 1979) and in vivo studies in the rat have demonstrated prolactin 
releasing properties (Abe et al., 1985). This conflicts with the work of 
Thomas et ale (1988b) who observed no increase in circulating prolactin levels 
following intravenous infusion of VIP. Both the hypothalamic peptides, VIP 
and TRH, are thought to stimulate prolactin secretion from the lactotrophs 
through specific receptor mechanisms with a synergistic effect (Bjoro et ale 
1990), but a physiological role in prolactin stimulation has yet to be 
verified. 
In the control of prolactin secretion, there is considerable evidence 
for a stimulatory function of the serotonergic neuronal system (Ben-Jonathan 
et al., 1989) contrasting with the inhibitory action of the dopaminergic 
neuronal system. Serotonergic innervation of the hypothalamus originates 
primarily from the midbrain dorsal raphe nucleus, with high serotonin levels 
in the suprachiasmatic nuclei, arcuate nuclei and the medial preoptic area. 
Evidence in the literature suggests the involvement of serotonergic neurones 
in the suckling-induced rise in prolactin secretion, providing a neural link 
between sensory receptors of the mammary gland and the hypothalamus (Ben-
Jonathan, 1985). The work of Kamberi et ale (1971), through infusion of 
serotonin directly to the anterior pituitary of the rat and the work of Thomas 
et ale (1988a) on hypothalamo-pituitary disconnected ewes, precluded a direct 
action of serotonin at the anterior pituitary. 
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Two schools of thought exist for the serotonergic control of prolactin 
secretion. The first implicates inhibition of the tuberoinfundibular dopamine 
system, while the second favours serotonergic stimulation of prolactin 
releasing factors, secreted into the portal blood and acting at the anterior 
pituitary. Following the observation that intraventricular administration of 
serotonin increased VIP levels in the portal blood, VIP is thought to mediate 
serotonergic action (Shimatsu et al., 1982). After intraventricular 
administration of serotonin in rats, Pilotte and Porter (1981) reported a 
significant reduction in hypophysial portal blood dopamine concentrations. 
Subsequent infusion of dopamine, sufficient to elevate portal blood 
concentrations, did not prevent the serotonin-induced increase in prolactin. 
This suggested both a reduction in dopamine inhibition and enhanced production 
of a prolactin releasing factor in response to serotonin administration. 
The involvement of angiotensin-II in prolactin secretion in vivo is 
controversial, with more evidence pertaining to its actions on the central 
nervous system to regulate blood pressure and fluid intake. Within the 
paraventricular nuclei, neurones containing angiotensin-II, project into the 
median eminence and posterior pituitary. The presence of high affinity 
binding sites on the lactotrophs suggests a paracrine action of angiotensin-II 
within the anterior pituitary (Ben-Jonathan et al., 1989). 
Posterior Pituitary Prolactin Releasing Factors 
Oxytocin primarily regulates uterine contractions and milk ejection from 
the mammary gland in response to the suckling stimulus. Oxytocin is also 
proposed as a major prolactin releasing factor within the posterior pituitary, 
with more recently, additional interest in a small, and as yet, unidentified 
peptide. 
Oxytocin is produced in perikarya located in neurones of the supraoptic 
and paraventricular nuclei, which terminate in the neural lobe or the median 
eminence. Levels of oxytocin are reported to be greater in the portal blood 
when compared with the systemic circulation, and a prolactin releasing action 
in the rat has been reported both in vivo and in vitro (see Ben-Jonathan et 
al. , 1989). Thomas et al. (1988b) demonstrated the requirement for a 
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hypothalamo-pituitary connection enabling prolactin stimulation by oxytocin 
in the ewe. Conflicting data exists, following passive immunisation or the 
use of agonists and antagonists, on the role of oxytocin in the suckling-
induced prolactin rise. From a detailed study, Samson et ale (1986), 
concluded that there was a physiological role for oxytocin, emphasising the 
importance of mUltiple factors involved in the hypothalamic regulation of 
prolactin secretion from the anterior pituitary. 
Posterior pituitary lobectomy was found to prevent the suckling-induced 
prolactin rise in rats, indicating the existence of physiological posterior 
pituitary prolactin releasing factor (Murai & Ben-Jonathan, 1987). Mori et 
ale (1990) concluded that oxytocin was in fact the unidentified 
neurohypophysial releasing factor, although work by Hyde & Ben-Jonathan (1989) 
concluded that arginine vasopressin, oxytocin nor ~-endorphin were responsible 
for the prolactin-releasing properties of the posterior pituitary. The 
posterior pituitary releasing factor remains an unidentified peptide with a 
molecular weight of less than 5000. 
Regulation of Prolactin Secretion by Opioid Peptides 
The opioid family is large, consisting of a number of precursors and 
peptides with a diversity of functions, primarily those associated with stress 
stimuli. Opioids are present throughout the brain, spinal cord, adrenal 
medulla, with the hypothalamus and median eminence found to contain the 
highest concentrations of opioids and their receptors. They are der i ved 
primarily from one of three precursors: 1) pro-opiomelanocortin (POMC) is 
produced in large amounts by the anterior pituitary corticotrophs and the 
intermediate lobe melanotrophs. In the anterior pituitary, POMC is the 
precursor of adrenocorticotrophic hormone (ACTH), IJ-lipotropin and to a lesser 
extent, IJ-endorphin. In the intermediate lobe, ACTH is processed further into 
a-melanocyte stimulating hormone (a-MSH) and corticotrophin-like intermediate 
lobe peptide (CLIP) while P-lipotropin is further processed into p-endorphin. 
2) Pro-enkephalin is the precursor of met-enkephalin and leu-enkephalin 
(pentapeptides). 3) Pro-dynorphin is the source of a- and p-neoendorphin, 
dynorphin A and Band leu-enkephalin. The neurones of the three precursors 
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are thought to be independent, with the distribution of ~-endorphin in the 
brain and central nervous system being considerably different to that of the 
enkephalins. This suggests specific sites of origin and distinct 
neurotransmitter and neuromodulatory roles of the opioid peptides. 
Intraventricular administration of ~-endorphin, enkephalins and morphine 
have been shown to stimulate prolactin secretion (Dupont et al., 1977; Bruni 
et al., 1977). The opioid antagonist, naloxone, decreases the stress, 
suckling and oestrogen-induced rise in prolactin in the rat suggesting that 
endogenous opiates play an important role in control of prolactin release 
under these conditions (for review see Ben-Jonathan et al., 1989). Knight et 
al. (1986) observed similar responses to naloxone in the suckling-induced 
release of prolactin in the ewe, consistent with those reported previously in 
the rat. It is proposed that opioid peptides decrease tuberoinfundibular 
neuronal activity, resulting in a decrease in hypophysial portal blood 
dopamine concentrations and thus dopaminergic inhibition. 
~-endorphin and met-enkephalin, released from the pituitary, occur in 
high concentrations in the circulation, thus potentially acting as hormones 
as well as neurotransmitters. The corticotrophs in the anterior pituitary and 
melanotrophs in the intermediate lobe are proposed to secrete ~-endorphin into 
the peripheral circulation (Smith & Funder, 1988). Arginine vasopressin and 
corticotrophin releasing factor from the hypothalamus are proposed as 
regulators of ~-endorphin production from the corticotrophs, while 
hypothalamic control of the secretion from the melanotrophs is thought to 
involve dopamine. 
~-endorphin in the peripheral circulation of the ewe shows a marked 
seasonal variation with levels low under long days and high under short 
(Ebling & Lincoln, 1987) which can be controlled by artificial lighting 
(Ssewannyana & Lincoln, 1990). In the study by Ebling & Lincoln (1987), when 
plasma levels of p-endorphin were increased under short days, concomitant 
levels in the pituitary were markedly decreased. The physiological importance 
of the difference in plasma and pituitary levels is unclear. While 
intraventricular ~-endorphin stimulates prolactin secretion, it is proposed 
that peripheral levels of p-endorphin are associated with changes in body 
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weight, through regulation of metabolism and an influence on reproduction 
following an observed association with plasma FSH (Ebling & Lincoln, 1987). 
Intraventricular ~-endorphin is thought to modulate gonadotropin secretion in 
the ram although this may be independent of peripheral ~-endorphin 
concentrations. It would appear that stimulatory cerebral opioid peptides 
decrease the activity of the TIDA neurones thus reducing the extent of 
dopaminergic inhibition on prolactin secretion. The importance of peripheral 
endogenous opioid peptide concentrations in relation to pituitary 
concentrations, to control the secretion of prolactin from the anterior 
pituitary, remains to be determined. 
Contrary to the stimulatory effects of ~-endorphin, a-melanocyte 
stimulating hormone (a-MSH) inhibits prolactin secretion (Khorram et al., 
1984; Wardlaw et al., 1986). The reason for opposing effects on prolactin 
secretion of two opioid peptides which are both derived from the sarne 
precursor, pro-opiomelanocortin, remains uncertain. Since a-MSH inhibition 
can override ~-endorphin stimulation, it is postulated that a-MSH may be 
involved in restoring stress-induced increases in prolactin to base line 
levels. ~-endorphin and a-MSH may interact under physiological conditions to 
regulate prolactin secretion. 
Model of the Regulation of Prolactin Secretion 
A model which represents the regulation of prolactin release by the 
hypothalamus and posterior pituitary is depicted in Fig 1.1.7. Prolactin 
secretion from the lactotrophs in the anterior pituitary is thought to be 
controlled by two interdependent routes with maintenance of tonic prolactin 
secretion under dopaminergic inhibition. The tuberoinfundibular dopaminergic 
neurones terminate in the median eminence, with dopamine reaching the anterior 
pituitary via the hypothalamo-pituitary portal system. This route involves 
a short loop feedback by prolactin and an influence of opioids and ovarian 
steroids on the tUberoinfundibular dopaminergic neuronal system. This 
hypothalamic-axis is thought to be responsible for maintaining basal prolactin 
secretion and for mediating chronic changes in prolactin secretion. 
The second route of regulation involves the tuberohypophysial 
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Figure 1.1.7 A diagram representing the neuroendocrine regulation of 
prolactin secretion. See text for details. TI, tuberoinfundibular; TH, 
tuberohypophysial; DA, dopamine; 5-HT, serotonin; PRF, prolactin releasing 
factor; OT, oxytocin; E2, oestradiol; IL, intermediate lobe; NL, neural lobe. 
Solid and dashed lines represent neural and humoral connections respectively. 
(Adapted from Ben-Jonathan et a1., 1989; 1991). 
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dopaminergic neurones (THDA) which terminate in the neural and intermediate 
lobes of the pituitary. Activation of the THDA system by, for example, the 
suckling stimulus, results l."n th "f e suppressl.on 0 dopamine release and 
promotion of the secretion of prolactin releasing factors, reaching the 
anterior pituitary via the short portal vessels. The THDA system is thought 
to mediate acute changes in prolactin secretion. 
This model does not include all possible regulatory factors, but it 
emphasises the interdependent nature of the hypothalamic and posterior 
pituitary axes in the control of prolactin secretion from the anterior 
pituitary. 
1.4.5 The Pineal-Hypothalamus-Pituitary Axis? 
Although prolactin was identified a number of years ago, many of the 
physiological mechanisms of actions remain to be elucidated. It is recognised 
that secretion of prolactin from the lactotrophs is under tonic hypothalamic 
inhibition, primarily by the catecholamine, dopamine. In response to external 
stimuli such as stress or suckling, plasma prolactin increases. Both the 
withdrawal of hypothalamic inhibition and the production of prolactin 
releasing factors are implicated in mediating prolactin surges, but a 
physiological releasing factor, whether acting directly at the anterior 
pituitary or via the hypothalamus and portal system, has yet to be fully 
characterised. Considerable interest has evolved recently in the role of the 
posterior pituitary in the control of prolactin release and the identification 
of the proposed prolactin releasing factor. 
Prolactin shows a well-defined annual rhythm, postulated to be entrained 
by long-term temperature and photoperiod variations. Exogenous melatonin and 
photoperiodic manipulations have been shown to influence prolactin secretion 
thus, melatonin is thought to act as a neurotransmitter of photoperiodic 
information, although the mechanism through which melatonin acts to modify 
prolactin secretion is undetermined. The role of melatonin and prolactin in 
seasonally-influenced physiological effects such as the timing of reproduction 
and coat moulting cycles has been studied. The onset of oestrous in seasonal 
breeders is thought to be independent of prolactin and while prolactin is 
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implicated in the timing of seasonal coat development. An action of both of 
the seasonally influenced hormones on coat development remains undelineated. 
Melatonin, secreted from the pineal acts as a neuroendocrine transmitter 
of photoperiodic information mediating endocrine changes. Physiological 
effects have been identified but the existence of a pineal-hypothalamus-
pituitary pathway is not established. 
1.5 MORPHOLOGY AND CONTROL OP COAT MOULTING 
Seasonal changes in coat structure enables the maintenance of a 
homeostatic relationship with the environment in some mammalian species. 
Primarily, moulting permits changes in the insulating properties and 
camouflage characteristics of the coat. The evolutionary origin of the hair 
follicle is unknown and the mechanism of endocrine control is not fully 
discerned. However, factors controlling hair follicle changes, in response 
to environmental cues such as photoperiod and ambient temperature, are thought 
to emanate from the hypothalamus. 
Mohair and cashmere are lUxury fibres produced by goats. Originating 
in China, Angora goats have been selectively bred over the centuries for their 
secondary hair growth, mohair, and are primarily found in Turkey, South Africa 
and North America (Devendra & WLeroy, 1982). Mohair is harvested by shearing 
twice a year. Cashmere is the fine undercoat produced by secondary follicles 
in variable quantities by all goats except the Angora breed. The Kashmiri 
breed (or Pashmina), from the colder regions of India, is recognised to 
possess a high proportion of secondary or cashmere fibres in the winter coat 
and is the breed from which the name originates. Breeds with a high 
proportion of cashmere fibres, such as the Siberian Gorno Altai breed, have 
been crossbred with indigenous dairy and feral goats in Britain to increase 
U.K. cashmere production. Cashmere is generally harvested by combing to 
remove the fibre before it is lost through natural moulting and to reduce 
contamination by the coarser guard hairs in the fibre. Shearing, with post-
harvest separation of the fibres is an alternative, however, in Britain this 
renders the animal susceptible to cold stress since shearing must commence 
before the natural moulting of the secondary fibres in the spring (Mowlem, 
50 
1. Introduction 
1»1 t. 1.1.1 Longitudinal section of a hair follicle from a goat. SG, 
sebaceous gland; HS, hair shaft; IT, interstitial tissue. Assessment of hair 
follicle development, outlined in the experimental chapters, was determined 
from horizontal sections at the level of the sebaceous gland. Haernatoxyl~n 
and eosin staining. Scale: Solid bar=O.1mm. 
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1.5.1 Morphology and Activity of Hair Follicles 
The cyclical nature of hair growth is associated with changes in the 
structure and function of the hair follicle. Follicles and the associated 
sweat and sebaceous glands are downgrowths of the epidermis into the dermal 
layer of the skin (see Plate 1.1.1). The region of the dermis containing the 
follicles is specifically referred to as the papillary layer. It has a rich 
blood supply and many nerve fibres (Ryder & Stevenson, 1968). 
The skin follicle population is determined at birth with no neogenesis 
in later life (Ryder & Stevenson, 1968; Ebling & Hale, 1970). There are two 
types of follicle, the primary and secondary follicles which produce the outer 
guard hairs and the finer undercoat respectively. The guard hairs sustain 
contact with the surroundings and can be raised to increase the thickness of 
the coat, whilst the shorter, finer cashmere fibres form the main insulating 
layer. In the skin of the sheep and the goat, three primary follicles are 
grouped together comprising a large central primary follicle and two smaller 
lateral primaries; a primary trio. The secondary follicles form two groups, 
lying either side of the central primary of the primary trio (see Plate 1.1. 2, 
Ryder, 1966; Ryder & Stevenson, 1968). Although the follicle number is 
predetermined from birth, the activity of the hair follicles changes, 
producing seasonal differences in the coat structure. 
The cycle consists of an actively growing (anagen) stage and a resting 
(telogen) stage (Ebling & Hale, 1970; Johnson, 1970). The ill-defined 
transitional phase between the active and resting stages is referred to as 
catagen. During telogen, which only lasts a few weeks, the follicle retracts 
to the level of the sebaceous gland. The base of the hair becomes expanded 
and keratinised to form a ·club· which secures the hair shaft in the skin. 
The seemingly quiescent nature of the telogen follicle is deceptive as the 
germ of the next hair starts to form at its base. The period of anagen is 
associated with downward growth of the telogen germ. The cells differentiate 
into cells of the hair fibre and the outer root sheath. The new hair 
eventually erupts by the side of the old club hair, which is subsequently 
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Plate 1.1.2 Horizontal sections of primary follicle trios during anagen. 
Plate A shows a winter coat structure with a secondary to primary follicle 
ratio of 4.7/1. Plate B shows a summer coat structure with a secondary to 
primary follicle ratio of 1/1. SG, sebaceous gland; P, primary follicle; S, 
secondary follicle; ORS, outer root sheath; IRS, inner root sheath; HS, hair 
shaft; IT, interstitial tissue. Haematoxylin and eosin staining. Scale: 
Solid bar=O.lmm 
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During the hair cycle, the length of the anagen stage and the rate 
of hair production can vary considerably, thus affecting the amount of hair 
produced. Likewise, following growth of the new hair, the old club hair may 
be shed inunediately or retained for a period, thereby affecting the coat 
density (Johnson, 1972). The halt in growth (catagen) is gradual and the base 
of the catagen hair becomes thinned and lightened. There is controversy over 
the existence of the catagen phase with the morphological features ascribed 
to catagen sometimes associated with late anagen. 
1.5.2 Coat Moulting Cycles 
There are three main types of hair growth cycle which have been 
identified. The most primitive is thought to be a seasonal cycle in which 
animals have a well-defined moult once a year in the spring or twice a year, 
in the spring and autumn. Although species vary in the extent of moulting, 
the seasonal coat cycle occurs in field mammals such as the stoat and hare as 
well as ungulates such as deer, cattle and less domesticated breeds of sheep 
and goats (Ryder, 1968; Johnson, 1972). In contrast, in laboratory rodents 
bands of hair follicles show periods of synchronous activity of less than a 
month and waves of growth pass along the body. This wave of synchronous 
activity has been attributed to domestication with the maintenance of 
laboratory rodents in constant environmental conditions. In seasonal and 
synchronous moulting, adjacent follicles are in the same growth stage at the 
same time. The third type of growth cycle is termed mosaic since the activity 
of each follicle is independent of adjacent follicles resulting in irregular 
hair replacement. This has been identified in man and the guinea-pig (for 
reviews see Johnson, 1972; Ebling, 1990). 
A marked seasonal difference can be observed between the winter and 
sununer coat of goats both from the feral animals and the more domesticated 
dairy breeds such as the Saanen (Ryder, 1978; Ryder, 1970). The summer coat 
is predominantly made up of thick guard hairs and a sparse undercoat. 
Conversely, in the winter, the outer guard hairs are finer in diameter and the 
secondary fibres are more numerous, producing a dense undercoat. From 
histological studies of the skin, the primary and secondary follicles are 
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inactive for a long period over the autumn-winter-spring, followed by a 
shorter period of activity during the summer months (Ryder 1966). The ratio 
of the secondary to primary follicles (S/P) is indicative of the coat 
structure both between and within breeds. Within a breed, a high number of 
secondary follicles for each primary is evident during the winter months and 
conversely, a low SIP ratio is evident during the summer months. The SIP 
ratio of the feral goat was found to range seasonally from 3/1 to 5/1 whilst 
the Toggenburg ranged from 2.5/1 to 3.9/1 (Ryder, 1966). Between breed 
differences are detectable when dairy breeds are compared to the Angora breed 
which produces mohair, with a high secondary to primary follicle ratio from 
8.5/1 in the latter breed due to selection for the high density of secondary 
fibres (Devendra & Burns, 1983). The Angora breed does not show a marked 
seasonal difference in the coat structure but in accordance with domesticated 
sheep breeds, there is a seasonal variation in the rate of growth between 
summer and winter. In the northern latitude, hair growth is faster in the 
summer. 
The Angora goat is akin to the Merino sheep which has been genetically 
selected for the high proportion of fine fibres produced from an almost 
continuously growing follicle (Ryder, 1978). Dependent on the extent of 
selection for fleece, domesticated breeds of sheep show a wide variation in 
their tendency to moult from the complete spring moult of the Shetland to the 
apparent continuous growth of the Merino. Primitive domestic breeds of sheep 
such as the Soay and Shetland shed their coat completely every spring. 
Natural moulting of the fleece of the Soay and Mouflon in the spring proceeds 
across the body in a wave starting with the neck and chest, to the flank with 
the back shed last. In the wild Mouflon sheep breed and the less domesticated 
breeds, primary follicles were found to be shed both in the spring and the 
autumn, whilst the secondary follicles were shed primarily in the spring (for 
review see Ryder, 1968). Traditionally the wool is obtained by plucking when 
the fleece begins to shed naturally. 
Towards the end of winter the more domesticated Scottish Blackface and 
Herdwick breeds were found to shed approximately 60% of the primary and 
secondary follicle fibres, whilst Cheviot sheep shed only 4% of their fibres. 
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The Merino, if left unshorn will continue to grow its fleece at the same rate 
without an increase in fibre shedding. Without shearing however, the fibre 
will reach a consistent length due to natural wear and breakage. 
1.5.3. The Control of Moulting Cycles 
Nutritional status is of fundamental importance to coat growth. During 
the dry summer season in Australia, wool growth rate in the Merino is low, 
whilst in Britain, winter is the season of potentially low nutrient 
availability (for review see Ryder, 1968). In the adult, poor nutritional 
status reduces the growth rate and the diameter of the fibres which renders 
them more liable to break. The major effect of adverse nutrition of Merino 
sheep was found to be fibre shedding, predominantly from secondary follicles 
(Lyne, 1964). Despite extensive shedding from secondary follicles, the ratio 
of secondary to primary follicles remained unchanged regardless of the 
nutri tional status (Lyne, 1964). In accordance with feed availability, 
seasonal changes in voluntary food intake, correlated to seasonal changes in 
prolactin secretion, are thought to influence seasonal coat growth patterns 
in ungulates (Curlewis et al., 1988, Lincoln, 1989; Loudon et al., 1989). 
A primary role of the coat is thermoregulation, thus changes in 
environmental temperature might be expected to be instrumental in controlling 
seasonal changes in hair follicle activity (Fig 1.1.8). Conflicting results 
exist from studies involving different species and breeds (for review see 
Ryder 1968). Under natural conditions, circannual temperature change closely 
parallels photoperiodic changes, thus few studies of coat moulting exist where 
the two environmental factors have been assessed independently. In ambient 
temperature conditions, by exposing rams to alternating 4 month periods of 
long and short days, a complete moulting cycle was induced every 8 months 
(Lincoln et al., 1980b). Temperature changes were not excluded, but the 
evidence suggested photoperiod was of overriding importance in controlling 
moulting. In accordance with Morris (1961), it is generally accepted that any 
effect of temperature on moulting is marginal and that seasonal changes in 
coat growth are mediated by photoperiod. 
Photoperiodic control of mOUlting has been demonstrated in the hamster 
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(Duncan & Goldman 1984a; 1984b), mink (Martinet et al., 1981), sheep (Morris, 
1961; Lincoln et al., 1980b) and deer (Webster & Barrell, 1985). Melatonin 
is implicated in the neuroendocrine mechanism controlling the photoperiod-
dependent moult. Melatonin implants in mink maintained under long days 
induced moulting and growth of a winter coat (Allain & Rougeot, 1980) while 
prolonged exogenous melatonin in the fox prevented moulting of the winter coat 
(Smith et al., 1987). Ovine and cervid moulting patterns have also been 
demonstrated to be influenced by melatonin (Lincoln & Ebling, 1985; Bubenik 
et al., 1986). The effect of melatonin on coat growth is thought to be 
mediated through the suppressive action on circulating prolactin 
concentrations. 
Suppression of prolactin with the dopamine agonist bromocriptine delayed 
moulting of the winter coat in the Djungarian hamster. Concomitant treatment 
with prolactin induced moulting and growth of a summer coat (Duncan & Goldman, 
1984b). Similarly, exogenous prolactin in the spring advanced the moult in 
mink (Martinet et al., 1981). Chronic treatment of deer with bromocriptine 
under conditions of natural temperature and photoperiod suppressed plasma 
prolactin and delayed growth of the summer coat and moulting of the subsequent 
winter coat (Cur1ewis et al., 1988). Spring melatonin treatment was found to 
delay the spring rise in prolactin and delay the spring moult, whilst 
treatment in the late summer was found to suppress prolactin and advance the 
onset of the autumn moult and growth of the winter coat (Allain et al., 1981). 
Rams maintained under alternating periods of long and short photoperiods 
showed a temporal relationship between plasma prolactin and hair follicle 
activity; under long days, plasma prolactin concentrations were high and the 
number of follicles active was low. Pinea1ectomy of the ram desynchronised 
prolactin secretion from the imposed alternating periods of long and short 
days. Synchronisation of hair follicle activity was also prevented following 
pinea1ectomy (Allain et ai., 1986). Considerable evidence exists to suggest 
that secretion of melatonin by the pineal gland regulates coat moulting cycles 
through its suppressive action on prolactin. A direct effect of melatonin in 
conjunction with prolactin, or an action of melatonin on other factors which 
in turn influence the hair follicle cannot be precluded. Receptors for 
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prolactin or melatonin have not been identified at the hair follicle. 
Studies in sheep have implicated a role of thyroid hormones in coat 
development (Fig 1.1.8). Hypophysectomy was found to disrupt wool growth 
patterns and specific replacement of T4 (thyroxine) restored both fibre length 
and follicle activity (Girard & Legault, 1969). Thyroidectomy in sheep was 
found to reduce wool growth (for review see Ryder, 1968). Further more, 
immunisation of ewes against thyrotropin releasing hormone reduced circulating 
concentrations of T3 (triiodothyronine) and T4, resulting in a reduction in 
wool weight (Fraser & MCNeilly, 1982). In Soay rams circulating 
concentrations of T3 and T4 corresponded to the imposed photoperiod; high 
under long days and low under short. Following superior cervical 
ganglionectomy, correlation of wool growth to the imposed photoperiod was 
abolished and the temporal relationship to T3 and T4 was disrupted implicating 
a role for the thyroid hormones (Lincoln et al., 1980b). Ganglionectomy 
disrupts the photoperiodic control of anterior pituitary hormones, thus the 
effects attributed to the thyroid hormones (Lincoln et al., 1980b) may have 
resulted from abolition of other seasonally influenced hormones such as 
prolactin. A circadian rhythm in the secretion of T3 and not T4 was detected 
in deer (Bubenik et al., 1983; 1986) whilst in alternating 16 week rhythms of 
long and short days, T3 and T4 showed a temporal relationship to the imposed 
photoperiod, abolished by ganglionectomy (Lincoln et al., 1980b). However a 
further study by Lincoln et ale (1982), maintaining sheep under a similar 
photoperiodic pattern, observed no effect of photoperiod or melatonin on 
thyroid stimulating hormone, thus T3 and T4. The role of photoperiod or 
melatonin in the control of thyroid hormones is not clear although an 
influence on seasonal coat growth patterns is implicated. 
Growth factors, including epidermal growth factor and insulin-like 
growth factor 1, are thought to act locally to control cell prolification and 
differentiation of the hair follicle bulb although their action may be 
synergistic with growth hormone and gonadotrophins (Moore et al., 1984; 
Ebling, 1990). Growth hormone secretion shows no annual variation (Hart & 
Buttle, 1975) implicating a minor role, or precluding it from a role in the 
control of seasonal coat growth cycles. Gonadectomy was found not to affect 
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coat changes in the Djungarian hamster (Duncan & Goldman, 1984a) although in 
a number of species, regions of the skin are androgen-dependent and 
testosterone influences secondary sexual characteristics (Ebling & Hale, 
1970). Stimulation of the release of corticosteroids from the adrenal cortex 
by ACTH slows wool growth down, affecting both the length and the diameter 
(Ryder 1968; Ebling & Hale, 1970). a-Melanocyte stimulating hormone (a-MSH) 
administration in the hamster did not induce pigmentation of the winter coat 
(Duncan & Goldman, 1984b). 
In the orchestration of cycles in coat development, prolactin is thought 
to playa major role in the control of moulting. The secondary effects of 
thyroid hormones and the gonadal and adrenal steroids on the coat growth cycle 
emphasise the integrated role of the endocrine system. It remains undiscerned 
if melatonin acts as a neuroendocrine transmitter of photoperiodic information 
to affect moulting indirectly through prolactin secretion. Melatonin may act 
directly at the hair follicle synergistically with prolactin or mediate its 
effects through other hormones or factors. 
1.6 AIMS OF THE STUDY 
In temperate climates, the integration of environmental cues controls 
the advent of a number physiological changes in short-day seasonal breeders 
such as sheep, deer and goats. Chronic and acute environmental changes 
dictate endocrinological responses which ultimately induce physiological 
modifications crucial for survival of the species. 
The timing of reproductive activity, in association with the length of 
gestation, ensures the production of offspring at an optimum time of year for 
their survival and growth. Seasonal changes in the characteristics of the 
coat enables maintenance of maximum thermoregulatory control. 
The aim of this study was to determine and dissociate the effects of two 
seasonally influenced hormones, melatonin and prolactin, on seasonal breeding 
and coat development. The goat was used in this study as an example of a 
short-day seasonal breeder with marked changes in coat characteristics over 
the year. Commercially, the regulation of reproduction in the goat would 
enable the production of young and peak milk to be spread over the year with 
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potential exploitation of price variation. A better understanding of the 
mechanisms controlling coat moulting would allow manipulation and co-
ordination of the moult, enabling more efficient harvesting of fibre from the 
goat. The control of seasonal breeding and coat development was investigated 
in the following manner: 
1) the effects of timing of long-day treatment followed by exogenous 
melatonin or bromocriptine on endocrine changes, reproductive state and coat 
development were assessed; 
2) June or December temperature and photoperiod conditions were 
maintained to assess the effects of both environmental factors on the 
secretion of melatonin and prolactin and subsequent physiological changes in 
reproductive activity and coat development; 
3) the effects of photoperiod and exogenous melatonin administration on 
basal prolactin concentrations and the stimulation response induced with the 
administration of prolactin secretagogues were studied to obtain a fuller 
understanding of the mechanism by which melatonin suppresses prolactin 
secretion. 
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MATERIAL AND METHODS 
Unless otherwise stated, analytical grade chemicals specified in the 
following procedures were obtained from BOH Ltd, Poole Dorset, U.K.. Product 
sources are only detailed fully when first mentioned in the text. 
2.1 BLOOD SAMPLING 
2.1.1 Goats by Venepuncture and Cannulation 
Weekly blood samples and frequent samples taken from goats under group 
housing conditions were obtained from the external jugular vein by 
venepuncture. Sml syringes and 20Gx1" needles were used (Monoject, Sherwood 
Medical, Ballymoney, Northern Ireland). 
For frequent blood sampling from goats housed in individual pens, the 
external jugular vein was cannulated. The equipment was sterilised in heat 
sealed bags using ethylene oxide (Anprolene Sterilising Gas; H.W. Anderson 
Products Inc., Oyster Bay, New York, U.S.A.). The neck of the goat was 
clipped to expose the vein and the area locally anaesthesised with 2ml 
lignocaine and adrenaline injected subcutaneously (lignocaine hydrochloride 
20mg/ml, adrenaline O.012Smg/ml; Norbrook Laboratories (GB) Ltd., London, 
U.K.). The vein was entered using a 14G needle (Intravenous Cannula Set; 
Portex Ltd., Kent, U.K.) and 12-14cm of cannula inserted through the needle 
into the vein, leaving approximately 3Scm cannula outside (single lumen, clear 
vinyl tubing, 1.0. 1.0mm, 0.0. 1.Smm; Dural Plastics and Engineering, Auburn, 
N.S.W., Australia). The needle was removed and the cannula maintained in 
place using elastic adhesive bandage and tubigrip bandage. To assist repeated 
sampling through the cannulae, flow switches were attached (Secalon Universal 
FloSwitch; British Viggo, Swindon, U.K.). 
When not in use, the cannulae were filled with 100U/ml heparin-saline 
solution (Heparin Sodium Injection BP (Mucous) 5000 Units/ml; Evans Medical 
Ltd., West Sussex, U.K., 0.9% w/v aqueous solution of sodium chloride; 
Animalcare Ltd., Dunnington, York, U.K.). When maintained over a period of 
days, the cannulae were flushed once daily using heparin-saline. 
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2.1.2 Plasma Collection 
Blood samples were put into heparinised centrifuge tubes (two drops 1000 
Units/ml heparin sodium for Sml blood, Plastic Centrifuge Tubes; Henley 
Medical Supplies Ltd, Welwyn Garden City, U.K.) mixed, and stored on ice until 
centrifugation at 2000rpm for 20 minutes. The resultant plasma was pipetted 
off into duplicate LP3 tubes (Luckhams Ltd., Burgess Hill, Sussex, U.K.) and 
stored at -20°C for subsequent hormone analysis. 
2.1.3 Guinea Pigs and Rabbits 
Blood samples were obtained from guinea pigs by cardiac puncture and 
from the central ear artery of rabbits. For cardiac puncture, the guinea pigs 
were put under general anaesthetic (cyclopropane and oxygen) using a face 
mask. A 19G needle was inserted between the ribs, the heart punctured and the 
blood collected into a 10ml syringe. The guinea pigs were either allowed to 
recover, where a maximum of 10mls was collected, or bled out under the general 
anaesthetic. 
To prepare a rabbit ear for blood sampling, the surface was sterilised 
with 70% (v/v) ethyl alcohol, and the hair removed with a scalpel. A 19G 
needle was inserted into the central ear artery and the blood allowed to flow 
directly into a centrifuge tube. A maximum of 10mls was collected. 
2.1.4 Serum Collection 
The blood samples were allowed to clot at room temperature in centrifuge 
tubes for 2-3 hours (Beckman-RIIC Ltd., High Wycombe, Bucks, U.K.). The clots 
were eased away from the edge of the vessel and allowed to shrink overnight 
at 4°C. The serum was pipetted off, centrifuged at 2000rpm for 20 minutes at 
4°C and stored at -20°C for future analysis. 
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2.2 PROLACTXH RADXO~OASSAY 
Goat plasma prolactin was measured using a double antibody 
radioimmunoassay method (Hart, 1973 and Gala & Hart, 1980). 
2.2.1 Reagents 
Normal Assay Buffer (1 litre, pH 7.2) 
5.68g (0.04M) 
(O.04M) 
(O.OlM) 
Di-sodium hydrogen orthophosphate (anhydrous) Na2HP04 
Sodium chloride NaCl 
Ethylenediarninetetra-acetic acid (EDTA) 
2.34g 
3.72g 
1.00g 
1.25g 
(O.l%w/v) Sodium azide NaN3 
(0.125w/v) Egg albumin, Grade V (No. A-5503i Sigma Chemical Co. 
St Louis, U.S.A.) 
The pH of the buffer was adjusted to 7.2 with orthophosphoric acid before 
making to a final volume of one litre with double distilled water. The buffer 
was stored for up to one week at 4°C. 
Carbonate Buffered Saline (1 Litre, pH 7.4) 
2.65g (0.025M) Sodium carbonate (anhydrous) Na2C03 
2.10g (0.025M) Sodium bicarbonate NaHC03 
8.50g (0.145M) Sodium chloride NaCI 
The pH of the buffer was adjusted to 7.4 with hydrochloric acid before making 
to a final volume of 1 litre with D.O. water and it was stored for up to 6 
months at 4°C. 
Sodium Phosphate Buffer (1 Litre, pH 7.4) 
14.2g (O.lM) Di-sodium hydrogen orthophosphate (anhydrous) Na2HP04 
The pH of the buffer was adjusted to 7.4 with orthophosphoric acid before 
making to a final volume of 1 litre with D.O. water and it was stored for up 
to 6 months at 4°C. 
2.2.2 Hormone Labelling 
Ovine prolactin was labelled using the modified iodination method of 
Salacinski et al. (1981) and Smith et al. (1983). The Iodogen vials were 
prepared by dissolving Iodogen (l,3,4,6-tetrachloro-3a,6a-diphenylglycouril, 
No. T-0656, Sigma Chemical Co.) in methylene chloride (1mg/2Smls). 30~l 
aliquots were dispensed into 1. Sml eppendorf vials (Eppendorf, Hamburg, 
Germany) and the solvent allowed to evaporate in a fume cupboard overnight. 
The Iodogen-coated vials were stored in a desiccator, in the dark at 4°C for 
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up to 6 months. 
For each iodination a 1x60cm column was packed. 4% w/v Sephadex G-100 
Ordinary (Pharrnacia Fine Chemicals, Uppsala, Sweden) with sodium azide (0.02% 
w/v) was allowed to swell at room temperature for 3 days. Prior to packing 
the column, the Sephadex was de-gassed for 15-20 minutes using a vacuum pump. 
Once packed, a column volume of normal assay buffer (NAB, Section 2.2.1) was 
eluted through. 
For each iodination 10~l sodium phosphate buffer (Section 2.2.1), 5~l 
[ 1251] sodium iodide (500~Ci; Radiochemical Center, Arnersham International 
Plc., Bucks, U.K.) and 5~l of a 1~g/ml solution of ovine prolactin (NIH-P-S18, 
Appendix 1) in sodium phosphate buffer were added to the bottom of an Iodogen 
vial. After 10 minutes, the reaction was stopped with 500~l sodium phosphate 
buffer and the contents of the reaction vial were loaded onto the column to 
separate free 125 1 from [1251] -ovine prolactin. 1ml fractions were collected 
and the protein peak identified from counts of 10~l aliquots taken from each 
fraction (Cobra Auto-Gamma Counter; Canberra Packard, Pangbourne, Berks, 
U.K.). Fractions from the first peak were retained and stored at 4°C for use 
within 3-4 weeks. Fig. 2.1.1 shows an example of iodination profiles 
obtained using the Iodogen method. 
2.2.3 Antibody Production 
Nine Dunkin Hartley guinea Pigs and six New Zealand White rabbits were 
injected and subsequently boosted with ovine prolactin (NIH-P-S12 Appendix 1) . 
The ovine prolactin was dissolved in O. 05M sodium hydroxide [NaOH] and brought 
to volume (lmg prolactin/ml) using carbonate buffered saline, with a resultant 
pH no greater than 8.0. 
The prolactin solution was homogenised on ice with Freund's Complete 
Adjuvant for immunisation and Freund's Incomplete Adjuvant for subsequent 
boosting (1ml/ml, Nos. F-4258 & F-5506, Sigma Chemical Co.). 0.2ml of the 
prolactin/adjuvant solution was injected subcutaneously over two sites for the 
guinea pigs and O. 4ml injected subcutaneously over four sites for the rabbits. 
The animals were boosted three times at 10-15 day intervals. Blood samples 
were taken from the rabbits and guinea pigs from the ear vein and by cardiac 
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Figure 2.1.2 Guinea pig antiserum dilution curves. The dilution of 1/150,000 
was selected for use in the prolactin radioimmunoassay. 
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puncture respectively (Sections 2.1.3). From serum titrations, a guinea pig 
antibody to ovine prolact;n was sele t d f . 
• c e or use 1n the prolactin 
radioimmunoassay. The point of 50% of total binding, at a dilution of 
1/150,000, was established from a series of antibody dilution curves (Fig. 
2.1.2). 0.1% sodium azide was added to the antiserum which was stored neat 
in 200J..1l aliquots at -20°C. 
protocol) . 
2.2.4 Antiserum Specificity 
(See section 2.2.5 for details of the RIA 
The specificity of the antiserum was determined from standard curves of 
the following: 
Ovine luteinising hormone, LH (NIH-LH-S17) 
Ovine growth hormone, GH (NIH-GH-S10) 
Ovine follicle stimulating hormone, FSH (NIH-FSH-S9) 
Ovine thyroid stimulating hormone, TSH (NIH-TSH-S6) 
Ovine placental lactogen, PL (IGAP-72) 
Ovine prolactin, PRL (NIH-P-S12) 
Recombinant bovine growth hormone, GH. 
(See Appendix 1 for details of hormone sources) 
Ovine LH, FSH, TSH and PL did not compete with 1251 PRL for binding sites on 
the antibody (Fig. 2.1.3) whilst prolactin as expected, did displace the 
labelled prolactin from the antibody. The percentage cross-reaction of the 
NIH-GH-S10 and recombinant growth hormone preparations was established by 
comparing the amount of cross reacting material and standard prolactin to 
yield 50% inhibition of binding and expressing the potency of the material as 
a percentage of that of the prolactin standard. The cross-reactivity of the 
recombinant GH was 0.07% with displacement of the labelled prolactin from the 
antibody occurring when concentrations in excess of 1000ng/ml were reached. 
Competition for binding sites by the recombinant GH was due to the similar 
biochemical structure of GH and PRL, although this should not influence the 
assay as normal goat plasma GH levels are approximately 5ng/ml (Hart & Buttle, 
1975). The cross-reactivity of the NIH-GH-S10 growth hormone preparation was 
13.3%. With relatively high cross-reactivity to the NIH preparation, but not 
the recombinant growth hormone, the purity of the NIH preparation was thought 
to be low. 
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Pigure 2.1.3 Specificity of the guinea pig antiserum to ovine prolactin. The 
antiserum was tested against recombinant bovine growth hormone, ovine growth 
hormone (GH), ovine luteinising hormone (LH), ovine follicle stimulating 
hormone (FSH), ovine thyroid stimulating hormone (TSH) and ovine placental 
lactogen (PL). 
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Standards 
2. Material & Methods 
Stock solutions of lOOng/ml ovine prolactin (NIH-P-S12) were prepared 
in neat prolactin-free plasma from a hypophysectomised goat, 1/10 and 1/100 
hypophysectomised plasma diluted with normal assay buffer (NAB, Section 2.2.1) 
and stored at -20°C. Due to the effect of the plasma proportion on the 
percentage of total binding obtained, the standard curves were prepared 
according to the dilution factor of the samples. Dilution of the samples was 
found necessary to measure the annual variation of goat plasma prolactin 
levels. On the day of use, the corresponding stock standards were double 
diluted in neat, 1/10 or 1/100 hypox. plasma to give the following standard 
range: 100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.2, 0.1 and 0 ng/ml. 
Antisera 
Neat guinea pig anti-ovine prolactin (1st antibody, Section 2.2.3) was 
diluted 1/1000 in NAB, aliquoted into 500J.1l/vial and stored at -20°C. A 
working solution of 1/150,000 in NAB was prepared on the day of use. Goat 
anti-guinea pig (2nd antibody, No. 5166-4004; Biogenesis Ltd., Bournemouth, 
U.K.) was stored at -20°C and diluted to 1/40 with NAB on the day of use. 
Normal guinea pig serum (Sections 2.1.3 & 2.1.4) was stored at -20°C and a 
working dilution of 1/200 in NAB was prepared on the day of use. 
Labelled Hormone 
A working solution of [1251] -ovine prolactin (Section 2.2.2) in NAB was 
prepared for each set of assays to give 10,000 cpm/tube. 
RIA Protocol 
LP3 tubes were prepared in duplicate for totals, non-specific binding 
(NSB), standards, low, medium and high quality controls and samples. Samples 
were diluted to 1/10 or 1/100 to ensure the wide circannual plasma prolactin 
variation fell within the range of the standard curve. The standards were 
double diluted in neat, 1/10 or 1/100 hypox. plasma for the corresponding 
sample dilutions. 200tJ.l of standard, quality controls, or sample were 
dispensed into duplicate tubes using an automatic diluter/dispenser (Microlab 
M; Hamilton Bonaduz AG, Bonaduz, Switzerland). 200tJ.I of the appropriate 
hypox. plasma dilution and 100tJ.l buffer, to replace the first antibody, were 
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added to the NSB tubes. On Day 1, using a multi-pipetter (Eppendorf 
Multipette 4780; Eppendorf, Hamburg, Germany) 100~1 of normal guinea pig 
serum, diluted 1/200, was added to all tubes except the totals and 100~1 of 
guinea pig anti-ovine prolactin (1st antibody, 1/150,000) was added to all 
tubes except the totals and NSB tubes. The tubes were vortexed and incubated 
at 4°C for 24 hours. 
On Day 2, 200~1 of[ 125 I]-ovine prolactin was added to all tubes; the 
tubes vortexed and incubated at 4°C for 24 hours. On Day 3, 200~1 of goat 
anti-guinea pig (2nd antibody, 1/40) was added to all tubes except the totals; 
the tubes vortexed and incubated at 4°C for 24 hours. On Day 3, the tubes 
were centrifuged at 2000rpm for 20 minutes at room temperature. The 
supernatant was aspirated off and the pellet counted for one minute on a Cobra 
Auto-Gamma counter. Plasma prolactin concentrations were obtained from a 
curve fitting program installed in the counter or from MAssayZap·, a curve 
fitting program for use on the Apple Mackintosh. 
2.2.6 Validation of the Prolactin RIA for use in Goats Plasma 
The minimal detection limit of the assay was taken as the zero standard 
(containing no prolactin) minus two standard deviations (Table 2.1.1, Chard, 
1982) .' Parallelism was assessed by preparing a standard curve in 
hypophysectomised goat plasma with double dilutions from 100ng/ml to O.lng/ml 
with NAB. Normal goat plasma was double diluted from neat to 1/1024 with NAB. 
The normal goat plasma and prolactin standard curves were parallel (Fig 2.1.4, 
Correlation coefficient = 0.996, p<O.OOOl). 
Fig. 2.1.4 also shows a hypox. plasma curve with double dilutions with 
NAB. The percentage binding remained constant conf irming that the hypox 
plasma was free from prolactin. 
Quality controls were prepared by spiking hypox. plasma with prolactin 
(NIH-P-S18, Appendix 1) for assessment of inter- and intra-assay variation. 
Percentage recovery was determined by spiking hypox. plasma with prolactin 
(NIH-P-S12) and treating the spiked plasma as for samples through an assay 
(Table 2.1.1). 
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Figure 2.1.4 Parallelism of the prolactin standard with normal goat plasma. 
Plasma from a hypophysectomised goat did not compete in the assay. 
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Table 2.1.1 Validation of the Prolactin RIA for use in Goats Plasma 
L~it of detection: 0.33ng/ml plasma 
Intra-assay coefficient of variation: 
S.C. Quality Control ~ ng)ml ~ %Coefficient of Variation n 
Low Med High Low Med High 
Neat 0.64 3.22 6.67 11. 9 12.8 10.9 6 
1/10 0.68 3.84 8.31 10.4 1.89 5.60 6 
1/100 0.71 3.60 7.35 6.94 6.41 3.90 6 
Inter-assay coefficient of variation: 
S.C. Quality Control ~ng/ml~ %Coefficient of Variation n 
Low Med High Low Med High 
Neat 0.56 3.54 7.14 32.1 15.3 20.5 18 
1/10 0.77 3.87 8.69 24.9 12.5 13.1 16 
1/100 0.75 3.51 9.32 11.3 6.59 25.6 10 
Percentage recovery: 
Pool ~ng/ml~ Recovery ~ng/ml~ % Recovery .!l 
1.0 1.38 138 5 
10 8.49 84.9 5 
100 107.1 107 5 
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2.3 MELATONIN RADIOr.HHUNOASSAY 
Melatonin was measured in goat plasma uSl."ng d" a l.rect radioimmunoassay 
method (Fraser et al., 1983), modified for use in ovine plasma by English et 
al. (1986). 
2.3.1 Reagents 
Tricine Buffer {1 Litre, pH 5.5} 
17.9g (O.lM) Tricine C6H13NOs (No. T-0377: Sigma Chemical Co. St 
Lou is, U. S . A. ) 
9.0g (0.15M) 
1.0g (O.l%w/v) 
Sodium chloride NaCl 
Gelatine powder 
The buffer was heated to 50°C to dissolve the gelatine and made up to 1 litre 
with D.O. water. The buffer was stored for up to one week at 40C. 
Dextran Coated Charcoal {500mls} 
109 (2%w/v) 
0.75g (0.15%w/v) 
500mls 
Activated charcoal (No. C-5260; Sigma Chemical Co.) 
Dextran T70 (No. 17-0280-01, Pharmacia LKB, 
Biotechnology Ab, Uppsala, Sweden. 
Tricine buffer 
The dextran coated charcoal was stirred on ice for one hour and stored at 4°C 
for up to one week. 
Scintillant 
12.5g (0.06M) 
o . 75g (0.02) 
2.5L 
PPo, 2, 5-Diphenyloxazole ClsHuNO 
POPOP, 1, 4-Di-2- (5-phenyloxazolyl) -benzene C24H16N202 
Toluene, low in sulphur C6HS' CH3 (Fisons Scientific 
Equipment, Loughborough, LE11 ORG, U.K.) 
The PPO and POPOP were added to the winchester of toluene and stirred until 
dissolved in a fume cupboard (approximately one hour). The scintillant was 
stored in the dark at room temperature. 
2.3.2 Preparation of Melatonin-Free Plasma 
Melatonin-free plasma, for use in the assay standard curve, was prepared 
by charcoal-stripping. Blood was obtained from 5 goats between 1000 and 
1100h, when plasma melatonin levels were low. Using a 14g needle, 
(Intravenous Cannula Set, Portex Ltd., Kent, U.K.), the external jugular vein 
was entered and 250mls blood from each goat was collected into containers 
(14.2U heparin-sodium per ml blood). The blood was spun at 4°C for 20 minutes 
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at 2000rpm and the plasma pipetted off. 
The volume of plasma collected was measured and activated charcoal 
weighed (No. C-S260, Sigma Chemical Co.) to give a 10% w/v suspension in the 
plasma. Before addition to the plasma, the charcoal was de-fined by 
suspending at 10% (w/v) in tricine buffer and stirred for a minimum of one 
hour. The charcoal suspension was centrifuged at 4°C for 10 minutes at 
1S00rpm. The buffer supernatant was discarded and the inside walls of the 
centrifuge containers tissue dried to remove the fine charcoal. 
The de-fined charcoal pellets were added to the plasma. The suspension 
was stirred on ice for a minimum of one hour, then centrifuged at 4°C for 15 
minutes at 3000rpm. The charcoal stripped plasma was poured off and filtered 
twice through S. Scm qualitative filter paper (Whatman International Ltd. 
Maidstone, U.K.) to remove the larger particles. Using a low vacuum water 
pump, the plasma was then filtered twice through Seitz filters to remove any 
fine charcoal (6cm HP/EF, circular, Seitz Filtration (GB) Ltd, Ledbury, 
Herefordshire, HR8 1LG, U.K.). 
The presence of melatonin in the charcoal stripped plasma was tested 
against a standard curve prepared using a previous melatonin-free plasma pool. 
The melatonin-free plasma was divided into Sml aliquots and stored at -20°C. 
2.3.3 Melatonin RIA Protocol 
The stock melatonin solutions were prepared and stored in a laboratory 
independent of where the assays were run. To prevent contamination, before 
setting up each assay, the bench tops were swabbed with methanol and all 
glassware was sonicated with methanol. 
Standards 
A stock melatonin solution (1mg/ml) was made by dissolving lOmg 
melatonin (No. M-5250, Sigma Chemical Co.) in SOOlll absolute ethyl alcohol and 
the volume made up to 10ml with glass double-distilled water. The stock 
melatonin solution was stored at 4°C for up to three months and the standards 
prepared, on the day of use, from this stock 1mg/ml solution for each assay 
as follows: 
7S 
2. Katerial & Xethod. 
100~l of 1mg/ml solution to 100ml D.O. water (l~g/ml) 
500~1 of l~/ml solution to 50ml D.O. water (IOpg/ul) 
125~1 of 10pg/~1 solution to 2.5ml in melatonin-free plasma (0.5pg/~I) 
The O. 5pg/~1 solution was further diluted in melatonin-free plasma as follows: 
Melatonin Standard 
pg/ml 
o 
5 
10 
25 
50 
100 
200 
500 
pg/tube 
o 
2.5 
5 
12.5 
25 
50 
100 
250 
Melatonin Solution 
0.5 pg/~l 
5~1 
10J,l1 
25J,l1 
50J,l1 
100J,l1 
200J,l1 
500J,l1 
Melatonin-Free 
Plasma 
500J,l1 
495J,l1 
490~1 
475~1 
450J,l1 
400~l 
300~1 
The above dilutions of the stock melatonin solution produced a standard curve 
range of 0, 5, 10, 25, 50, 100, 200, & 500 pg/ml. 
Antiserum 
The sheep anti-melatonin antiserum (No. 704-8483, Stockgrand Ltd, 
Guildford, Surrey, U.K.) was reconstituted with 2mls D.O. water to provide an 
intermediate dilution of 1/10. This solution was aliquoted into 50~l portions 
and stored at -20°C. On the day of use, a working solution of 1/4000 was 
obtained by diluting a 50J,ll aliquot with 20mls tricine buffer. 
Labelled Hormone 
Tritiated melatonin (0-methyl3H) -melatonin; Amersham International, 
Bucks, U.K.) was stored at -20°C. An intermediate solution of 3H-melatonin 
was prepared by diluting 20~l of the stock label to 2ml with absolute ethyl 
alcohol and stored at -20°C. A working solution was prepared on the day of 
use by diluting 25~l of the intermediate stock solution to 5mls of tricine 
buffer to give 4000cpm per tube. 
RIA Protocol 
LP3 tubes were prepared in duplicate for totals, non-specific binding 
(NSB), standards, quality controls and samples. To prevent assay drift, the 
assay size was limited to 150 tubes. 500~l of standard was put into each tube 
as outlined above. 500~l of sample was dispensed into duplicate tubes using 
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an automatic dispenser (Microlab M: Hamilton Bonaduz AG, Bonaduz, 
Switzerland) . 500~1 of melatonin-free plasma and 700~1 tricine buffer was 
dispensed into the total tubes and 500~1 of melatonin-free plasma and 200~1 
of tricine buffer was dispensed into the NSB tubes. Using a multi-pipetter, 
200~1 of antiserum (1/4000) was dispensed into all tubes except the total and 
NSB tubes and incubated for 30 minutes at room temperature. 100~1 of the 
working solution of 3H-melatonin was added to all tubes and incubated for 18 
hours at 4°C. 
To separate the antibody-bound melatonin from the free fraction, 500~1 
of dextran-coated charcoal was added to all tubes except the total tubes and 
left to incubate for 15 minutes at 4°C. (Before use, the charcoal was stirred 
on ice for a minimum of 30 minutes, and stirred continuously during addition 
to the assay). The tubes were spun at 2000rpm for 20 minutes at 4°C. 700~1 
of supernatant was aliquoted into corresponding scintillation vials (No. V42-
310; Philip Harris Scientific, London W3 OTE, U.K.) and working in a fume 
cupboard, 4mls of scintillant was added to each vial and the vials capped. 
To extract the 3H-melatonin into the organic phase, the scintillation vials 
were shaken at room temperature for one hour and allowed to stand upright for 
a minimum of 15 minutes before counting. The tubes were counted for 5 minutes 
using a 2500TR Liquid Scintillation Analyzer (Canberra Packard). Plasma 
melatonin concentrations were obtained from a curve fitting program installed 
in the counter. 
2.3.4 Validation of the Melatonin RIA for use in Goats Plasma 
The minimal detection limit of the assay was taken as the zero standard 
(containing no melatonin) minus two standard deviations (Table 2.1.2, Chard, 
1982). For assessment of inter- and intra-assay variation, quality controls 
were prepared by diluting a high melatonin plasma pool with melatonin-free 
plasma (Table 2.1.2). Percentage recovery was determined by spiking 
melatonin-free plasma with melatonin (No. M-S2S0, Sigma Chemical Co.) and 
treating as for samples in an assay (Table 2.1.2). 
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Table 2.1.2 Validation of the Melatonin RIA for use in Goats Plasma 
L~it of detection: 0.49pg/ml plasma (n=10) 
Intra-assay coefficient of variation: 
Qualit.:i Control (29/ml} %Coefficient of Variation 11 
Low 42.69 Low 8.16 2 
Med 105.86 Med 2.45 2 
High 255.51 High 6.66 2 
Inter-assay coefficient of variation: 
Qualit.:i Control (29/ml ~ %Coefficient of Variation 11 
Low 50.39 Low 21.71 16 
Med 112.63 Med 16.24 16 
High 262.2 High 18.73 16 
Percentage recovery: 
Pool (29/ml Recovery % Recovery 11 
300 295.61 98.5 2 
200 229.6 114.8 2 
100 103.9 103.9 2 
50 43.25 86.5 2 
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2.4 PROGESTERONE BHZYMB-LXNKBD ~OSORBENT ASSAY 
Goat plasma progesterone was measured as an indicator of ovarian 
activity and was assayed using a direct enzyme-linked immunosorbent assay 
(ELISA) originally developed by Sauer et al. (1981). The method was later 
modified (Sauer et al., 1986) to use progesterone-11-glucuronide alkaline 
phosphatase conjugate and to measure progesterone in goats' plasma. 
2.4.1 Reagents 
Sodium Acetate Buffer (1 Litre, pH 9.0) 
12.3mg (0.1SmM) Sodium acetate (anhydrous) CH3 .COONa 
The pH of the buffer was adjusted to 9.0 using sodium hydroxide before making 
to a final volume of 1 litre with D.D. water. The buffer was stored at room 
temperature for up to 6 months. 
PAS-Gel Buffer (1 Litre, pH 7.0) 
6.08g (0.04M) Sodium dihydrogen orthophosphate NaH2P04 ·2H20 
8.72g (0.06M) 
9.00g (0.9%w/v) 
1.00g (0.1%w/v) 
1.00g (O.1%w/v) 
Di-sodium hydrogen orthophosphate (anhydrous) Na2HPO. 
Sodium chloride NaCl 
Sodium azide NaN3 
Gelatine powder 
The buffer was made up to a final volume of 1 litre and stored at 4°C for up 
to one week. 
DEM Buffer (1 Litre, pH 9.8) 
9S.0Sml (O.9M) Diethanolamine [CH2(OH) .CH2]2NH 
0.1016g (O.SmM) Magnesium chloride 6-hydrate MgCL2·6H20 
1.00g (0.1%w/v) Sodium azide NaN) 
The pH of the buffer was adjusted to 9.8 using hydrochloric acid before making 
up to a volume of 1 litre with D.D. water and stored for up to 6 months in the 
dark at room temperature. 
2.4.2 Progesterone ELISA Protocol 
Preparation of Antibody coated Plates 
Goat anti-progesterone Il-herni-succinate antiserum (Sl 509/16) was 
donated by J. Foulkes, Cattle Breeding Centre, Shinfield, Berks U.K. The 
antiserum was aliquoted (500J.l.l/vial) and stored at -20°C. A working solution 
of antiserum was obtained by diluting 1/4000 with sodium acetate buffer on the 
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day of use (Section 2.4.1). 200~1 was dispensed into each well of 96 well 
hard microtitre plates (Nunc-Immuno Plate, MaxiSorp F96 No. 439454; A/S Nunc, 
Denmark). The plates were wrapped in ·cling film· and left for 24 hours at 
4°C. The plates were subsequently emptied and 200~1 PAS-gel buffer (Section 
2.4.1) added to each well. The plates were wrapped in ·cling film- and stored 
at 4°C for up to 6 months. 
Standards 
A stock solution of progesterone (No. P-0130, Sigma Chemical Co.) was 
prepared in absolute alcohol (10~g/ml) and stored at -20°C. The stock 
solution was used to obtain the following range of standards in charcoal-
stripped plasma (Section 2.3.2): 20, 10, 5, 2.5, 1.25, 0.625, 0.312 and 0 
ng/ml. The working standards were aliquoted into 100~I/vial and stored at -
20°C. 
Progesterone-11-Glucuronide Alkaline Phosphatase Conjugate 
Progesterone-11-glucuronide alkaline phosphatase conjugate (Ridgeway 
Science Ltd., Alvington, U.K.) was stored at 4°C and a working solution of 
1/2500 prepared in PAS-gel buffer on the day of use. 
Alkaline Phosphatase Substrate 
At the time of use, 0 .14g of p-nitrohphenyl phosphate disodium (No. 104-
0, Sigma Chemical Co.) was dissolved in 25mls of OEM buffer (Section 2.4.1) 
to make a 0.5mM solution. To maintain dark conditions, the mixing vial was 
wrapped in foil. 
ELISA Protocol 
The storage PAS-gel buffer was emptied out of the plate wells, and 200Jll 
PAS-gel buffer dispensed into the blank wells. Using a Microlab M dispenser, 
10J1l, of each standard, quality control and sample were dispensed in 
duplicate. 200J1l of conjugate was added to each well except the Blanks. 
Plates were placed in humidity boxes and incubated at room temperature for 3 
hours. The plates were subsequently emptied and washed 3 times with PAS-gel 
buffer. The substrate was prepared and 200J1l added to each well and the 
plates were placed in humidity boxes to incubate at 40°C for 1 hour. The 
optical density was read using a wave length of 40Snm. (Anthos Microplate 
Reader 2001, Denley Instruments Ltd., Billingshurst, West Sussex, U.K.) 
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Optical density values were transferred to the Cobra Auto-Gamma counter and 
plasma progesterone concentrations obtained form a curve fitting program 
installed in the counter. 
2.4.3 Validation of the Progesterone ELISA for use in Goats Plasma 
The minimal detection limit of the assay was taken as the zero standard 
minus two standard deviations. Quality controls were prepared from a high 
progesterone pool and percentage recovery was determined by spiking charcoal 
stripped plasma with progesterone and treated as for samples in an assay. 
Details of the ELISA validation are shown in Table 2.1.3. 
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Table 2.1.3 Validation of the Progesterone ELISA for use in Goats Plasma 
L~it of detection: 0.2ng/ml plasma 
Intra-assay coefficient of variation: 
Quality Control (ng/ml) %Coefficient of Variation 
.!l 
Low 2.34 Low 4.52 4 
Med 4.56 Med 6.77 4 
High 9.13 High 9.08 .J 
Inter-assay coefficient of variation: 
Quality Control (ng/ml) %Coefficient of Variation 
.!l 
Low 1. 79 Low 21. 71 8 
Med 4.03 Med 21.72 8 
High 10.05 High 25.75 8 
Percentage recovery: 
Pool (ng/ml) Recover;t: % Recovery .!l 
2.0 2.59 129.5 4 
4.0 4.40 110.1 4 
8.0 10.41 130.1 4 
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2.5.1 Coat Sampling 
2. Haterial & Method. 
For assessment of coat development, a 10x10cm square, marked on the coat 
using a template and spray, was clipped from an area over the rib cage behind 
the shoulder (Oster Clippers, Oster Professional Products, Wisconsin, U.S.A). 
Sampling was carried out at 8 week intervals, alternating the side of the 
animal, thus not returning to the same sampling site for 16 weeks. Where 
complete regrowth did not occur, with the previous clipping site visible in 
the 16 week interval, the next sample was taken from an adjacent site. The 
resultant samples were weighed. 
2.5.2 Skin Biopsies 
Skin biopsies were taken very 4 weeks under local anaesthetic, (O.Sml 
lignocaine adrenaline) from the region over the rib cage, behind the shoulder. 
Using forceps, the skin was pinched up and cut with surgical scissors to the 
dermis/subcutaneous fat layer. The wound was sprayed with an iodine solution 
(Lever Industrial, Runcorn, Cheshire). The biopsy was placed in Bouin 's 
Fixative (Section 2.6.1) for 24 hours at 4°C and subsequently transferred to 
70% (v/v) ethyl alcohol for storage until embedding. 
2.6 HISTOLOGICAL TECHNIQUES 
2.6.1 Reagents 
Bouin's Fixative 
7S0ml 
2S0ml 
SOml 
Picric acid (saturated aqueous solution) C6H2(N02)30H 
Formaldehyde, 40% w/v H.CHO 
Glacial acetic acid, 99.9% C2H402 
Ehrlich's Alum Haematoxylin 
6.0g 
300ml 
300ml 
300ml 
30ml 
Saturated 
Haematoxylin (monohydrate) 
Absolute ethyl alcohol 
Distilled water 
Glycerol 
Loughborough, U.K. 
BDH Gurr Certistain. 
Fisons Scientific Equipment, 
Glacial acetic acid, 99.9% C2H402 
Aluminium potassium sulphate 12-hydrate (potassium alum) 
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ALI< (S04) 2 • 12H20 
The haematoxylin was dissolved in absolute alcohol and the remaining 
components added in the order listed above. The potassium alum was stirred 
until crystals remained at the bottom of the flask. The solution was stored 
in a bottle, loosely plugged at room temperature in natural light for 1-2 
months to allow the haematoxylin to oxidise to haematin. The stain was 
filtered before use. 
Eosin (lOOmIs) 
14g (1.4%) Eosin yellowish BDH Gurr Certistain 
Acid Alcohol (lOOmIs) 
1% Hydrochloric acid in 70% Absolute alcohol 
2.6.2 Paraffin Wax Embedding of Skin Biopsies 
The following procedure was implemented to dehydrate, clear and wax 
impregnate the biopsies using an automatic tissue processor (Shandon Elliot; 
Shandon Scientific Ltd, Cheshire, U.K.). 
Dehydration 70% (v/v) ethyl alcohol 1hr 
90% (v/v) ethyl alcohol 1hr 
100% (v/v) ethyl alcohol 1hr 
100% (v/v) ethyl alcohol 1hr 
100% (v/v) ethyl alcohol 1hr 
Clearing Chloroform 1hr 
Chloroform 1hr 
Wax impregnation Paraffin wax, 56°C 1hr 
Paraffin wax, 56°C 1hr 
After wax impregnation, the skin biopsies were embedded in paraffin wax 
(560C) in metal moulds. During positioning of the skin biopsies (hair side 
up), a bunsen burner flame was moved over the surface of the mould to prevent 
a skin forming. After allowing to cool and set slightly, the moulds were 
lowered into cold water to prevent the wax from cracking during cooling. Once 
completely set, the sides of the wax blocks were cut, leaving approximately 
5mm of wax surrounding the tissue. Using a hot knife, the wax blocks were 
fused onto wooden blocks in preparation for sectioning on the microtome. 
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2.6.3 Microtome Sectioning 
Before sectioning, the blocks were placed on ice until the ice had 
melted to ensure they were cold enough to cut on a microtome (Spencer Lense 
Co., Buffalo, N.Y., U.S.A). Transverse serial sections of the hair follicles 
were cut at a thickness of 5-6~ and either mounted directly onto slides or 
placed on cooled boards and stored in the fridge until mounted. Sections were 
cut through to the epidermis to ensure transverse sections at the level of the 
sebaceous gland were obtained. 
2.6.4 Mounting Sections on Slides 
Immediately before use, microscope slides (Chance Propper Ltd., Warley, 
U.K.) were marked for identification using a glass cutter, coated thinly with 
egg albumin and distilled water was squirted on to cover. Every fifth serial 
section was selected and placed in position on the slide. The slide was 
placed on a hot plate to melt the wax, ~lattening the tissue. After finally 
repositioning the sections on the slide, the water was carefully drained off 
onto absorbent paper. The slides were left to dry in an oven at 37°C. 
2.6.5 Haematoxylin and Eosin Staining 
The procedure specified below was followed to stain the skin biopsy 
sections with haematoxylin and eosin using reagents outlined in Section 2.6.1. 
Dewax in xylene for 2 minutes in a fume cupboard (2 changes) C6H4 (CH3 )2 
Fisons Scientific Equipment, Loughborough, U.K. 
100% (v/v) ethyl alcohol for 2 minutes (2 changes) 
70% (v/v) ethyl alcohol for 2 minutes 
Running tap water for 2 minutes 
Rinse in distilled water 
Stain in haematoxylin for 10 minutes 
Running tap water for 10 minutes 
Decolorise in acid alcohol until background is clear (approx. 5 seconds) 
Running tap water for 10 minutes 
Stain in eosin for 2 minutes 
Remove excess eosin in tap water until nuclei are blue and not purple 
(approx 30 seconds) 
Dehydrate in 70% (v/v) ethyl alcohol for 30 seconds 
100% (v/v) ethyl alcohol for 30 seconds (2 changes) 
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Clear in xylene in a fume cupboard (3 changes) 
The slides were removed from the xylene individually to prevent the sections 
drying and coverslips (Chance Propper Ltd., Warley, U.K.) were mounted on the 
slides using D.P.X Mountant (BDH Microscopy Material). The slides were 
allowed to dry in a fume cupboard. 
2.7 AN~ HUSBANDRY 
The goats used throughout the study were non-lactating, non-pregnant 
females of the British Saanen breed. For studies carried out at Shinfield, 
goats were selected from the main herd (AFRC, Institute for Grassland and 
Environmental Research, Shinfield, Reading, Berks., Appendix 2). At Babraham, 
the goats were brought into the research farm from Goosemead Herd, Manor Farm, 
Garford, Abingdon, Oxon., (Appendix 2) 
2.7.1 Light Control 
For photoperiod control the goats were maintained in light-proof rooms 
with artificial light provided by two 300W tungsten-halogen lamps (Power Lite, 
Okay 300, British Lighting Institute, Reading, Berks, U.K.). Control of 
different light : dark regimes was facilitated by the use of programmable timers 
(M.K. Electric Ltd., Edmonton, London, U.K.) The lux was tested, at eye level 
to the goats, in different regions of the rooms using a light meter 
(Shinfield: 379,±72 lux, (113,±21.4J,1W/cm2 ), n=16; Babraham: 368,±29.3 Lux, 
(109±8.7J,1W/cm2 ), n=10). 
2.7.2 Temperature Control 
Temperature control was provided by a heating and cooling unit (Searle 
Bush) . The minimum and maximum temperatures were recorded daily. The 
thermostat was adjusted as necessary to maintain a constant room temperature 
against the seasonal variation in outside air temperature circulated for 
ventilation. 
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2.7.3 Melatonin Administration 
The melatonin was dissolved in ethyl alcohol and brought up to volume 
with distilled water to make a 0.06% w/v solution (3mg melatonin in 5ml 
distilled, No. M-5250, Sigma Chemical Co.). 5mls of melatonin solution was 
administered orally per day at 1600h, using a 10ml syringe. 
2.7.4 Bromocriptine Administration 
250mg bromocriptine was dissolved in 25mls of 50% (v/v) ethyl alcohol 
(Bromocriptin-mesilat, Parlodel, No. 3140670; Sandoz Ltd. , Basle, 
Switzerland). 25mls of 0.05M L-tartaric acid (No. 25,138-0, Aldrich Chemical 
Co. Ltd.) was added to make a 0.5% w/v bromocriptine solution (5mg 
bromocriptine in 1ml, Forsyth et al., 1985). The solution was filtered 
through O.2~ filters (Gelman Sciences, Ann Arbor, Michigan, U.S.A.) into a 
sterile container. The container was wrapped in foil and stored at 4°C for 
up to one week. 1ml of bromocriptine solution was injected i.m. per day at 
1000h using a 2ml syringe and 21Gx5/8" needles. 
2.7.5 Animal Husbandry at Shinfield 
During the winter months, the goats were group housed on deep litter 
straw bedding. They were fed ad libitum grass silage, supplemented with O. 5kg 
concentrates per goat per day (18% protein, prepared by the AFRC Institute of 
Grassland and Environmental Research, Shinfield, Reading, Berks.). During the 
spring and summer months the goats were put out to graze, supplemented with 
O.3kg concentrates. Shelter, vitamin/mineral blocks and water were available 
at all times. During melatonin and bromocriptine treatment, the goats were 
maintained wi thin the main herd. When under photoperiodic control, the 
treatment groups (n=5) were maintained in light-proof rooms (Section 2.7.1). 
They were fed ad libitum hay, supplemented with concentrates (O.5kg/head/day) 
and maintained on deep litter straw bedding. A routine feet trimming, 
vaccination and parasite control procedure was followed for all goats. 
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2.7.6 Animal Husbandry at Babraham 
The goats were fed ad libitum hay, but since goats are highly selective 
feeders, and hay intake was recorded, it was felt necessary to control the 
excess hay available. Thus, the goats were fed hay at a 20% daily refusal 
rate. Refused hay was collected daily at 0800h from the hay rack and a trough 
below the rack, weighed and, by difference, the total hay consumption 
calculated for the previous day. 20% of the previous days hay consumption was 
added to the total consumption, providing the weight of hay to be offered to 
the goats on that day. The hay allocation was divided into two feeds at 0800h 
and 1400h and daily hay consumption recorded. The goats were supplemented 
with O. Skg concentrates per goat per day (14% protein, Superstock Nuts; 
Dalgety Agriculture Ltd, Almondbury, Bristol, U.K.), divided into two feeds 
at 0800h and 1400h. Water and vitamin/mineral blocks were available at all 
times. 
To meet Home Office specifications (minimum floor area required per 
goat: 1. 9m2 ), 5 goats were maintained in each room: a control room with 
ambient temperature and photoperiod (14m2 ); a photoperiod control room (14m2) 
and a photoperiod and temperature control room (11.'4m2 ). The former housing 
facilities were adjacent, with the latter located on a different region of the 
farm. The goats were bedded on sawdust and a routine feet trimming, 
vaccination and parasite control procedure was implemented. 
2.7.7 Animal Husbandry when Housed Individually 
For 24 hour blood sampling and during the prolactin stimulation trials, 
the goats were penned individually, with other goats visible at all times. 
At Shinfield, the goats were maintained on straw bedding and fed ad libitum 
silage, supplemented with O.Skg concentrates. At Babraham, the goats were 
maintained on wire mesh floor, and fed chopped hay supplemented with O.Skg 
concentrates. During the prolactin stimulation trials, artificial light was 
provided by florescent tubes and the light : dark regime controlled by a 
programmable timer. Lux intensity was recorded at goat eye level (303±28.6 
lux, (90.1±8.S~W/cm2), n=12). 
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2.8. STATISTICS 
Statistical analyses were carried out using the statistical package 
"Multistat" on an Apple Mackintosh or Genstat 5 on the AFRC Vax network. 
Details of the tests applied are outlined in the relevant chapters. 
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CHAPTER 3 
SEASONAL VARIATION IN COAT MOULTING, PLASMA PROLACTIN AND 
REPRODUCTIVE RESPONSE TO ARTIFICIAL LONG DAYS AND MELATONIN ADMINISTRATION 
3.1 INTRODUCTION 
Mammals in cold and temperate climates have adapted to survive in a 
dynamic environment. Temperate species, subject to changes in temperature, 
day1ength and food availability, have evolved adaptations in coat moulting 
cycles, feed intake and reproduction. Changes in coat structure and colour 
adapted to environmental changes, provide insulation in the winter and in some 
species, camouflage. Annual cycles in food availability are overcome by 
alterations in feed intake, metabolism, and fat deposition, whilst initiation 
of reproductive activity is timed to ensure the production of young, at a time 
most favourable to their ultimate survival and growth. 
Of the environmental cues, temperature, rainfall and photoperiod, the 
latter is the most consistent to synchronise physiological events. 
Photoperiodic changes, from the long days of summer to the short days of 
winter, have been shown to control the timing of reproductive activity in many 
seasonal breeders (Karsch et al., 1981, Lincoln & Almeida, 1981 and Chemineau 
et al., 1986). Melatonin, secreted from the pineal gland during the hours of 
darkness, is recognised as an endocrine transmitter of photoperiodic 
information and plays a major role in the timing of seasonal reproductive 
function in temperate species (Ro11ag et al., 1978; Arendt et al., 1981a; 
Bittman et al., 1983). Exogenous melatonin administration induces ovarian 
activity out of season in a number of domestic species, enabling the spread 
of production of offspring and peak milk yield over the year for commercial 
gain. The mechanism by which melatonin influences the secretion of 
luteinising hormone and follicle stimulating hormone from the anterior 
pituitary remains to be delineated. 
Prolactin secretion from the anterior pituitary of seasonal breeding 
species shows a marked seasonal variation, with levels low in the winter and 
high in the summer (Pelletier, 1973, Buttle, 1974 and Ravault, 1976). Changes 
in temperature and photoperiod mediate the annual variation in prolactin 
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secretion although the mechanisms of control have not been established. 
Pineal melatonin may be involved as a mediator. Annual and circadian 
variations in prolactin and melatonin secretion have been implicated in the 
control of seasonal coat growth patterns in the hamster, (Duncan & Goldman, 
1984), mink, (Allain & Rougeot, 1980), blue fox, (Smith et al., 1987), deer, 
(Webster & Barrell, 1985) and the ram (Lincoln et al., 1980, Lincoln & Ebling, 
1985 and Allain et al., 1986). It is as yet unknown whether the control of 
seasonal coat growth patterns is mediated directly by melatonin or prolactin 
acting at the hair follicle, or indirectly though the suppressive action of 
melatonin on circulating prolactin concentrations. 
The present long-term study was to ascertain the effect of timing of 
simulated long days followed by exogenous melatonin, on coat development and 
reproductive state. The possible dissociation of factors controlling the 
timing of reproduction and coat moulting cycles was assessed from histological 
studies of the hair follicle and coat growth measurements in conjunction with 
endocrine changes in plasma prolactin, melatonin and progesterone. 
3.2 MATERIAL AND METHODS 
Six groups of maiden, non-lactating British Saanen goats (n=5), one 
control and five treatment groups, were used for the trial (Appendix 2). The 
five treatment groups were maintained for an 8 week period of long days (20 
hours light :4 hours dark, 20L:4D, lights on at 0400h, Section 2.7.1) followed 
by 8 weeks of melatonin administration (3mg orally/day at 1600h, Section 
2.7.3). Treatment of each group in the first year was staggered at 11 week 
intervals as detailed in Table 3.1.1 and illustrated in Fig. 3.1.1. 
In the second year, the 8 week long-day treatment was repeated for 
Groups 1 and 2. For Group 1, the period of long days was followed by 8 weeks 
of treatment with the dopamine agonist, bromocriptine (Smg i.m. at 1000h, 
Section 2.7.4). The aim was to assess the effects of long-day treatment alone 
and the effects of prolactin suppression by exogenous melatonin in the first 
year and bromocriptine treatment in the second year, on the onset of ovarian 
activity and moulting of the winter coat. 
The controls and treatment groups (when not under light control) were 
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Sampling Weeks 
Feb Mar May Jul Sep Nov Jan Feb Apr Jun Aug 
r " , , " " " " " " " " " " " " " " " " ! " , " , " " , " , ! " , ! " , , " ! " " , " ! , ! " ! " ! G 1 9 17 25 33 41 49 57 65 73 81P - - 1 Gp1- _ I •••• I Gp2 _ _ 1 __ _ Gp2 __ I 
Gp3- _ 1 __ _ 
Gp4 _ _ 1 __ _ 
Gp5 _ _ 1 __ _ 
- - 1 Long Days: 20 hours Jight:4 hours dark 
___ Melatonin: 3mg orally/day at 1600h 
•••• I Bromocriptine: 5mg Lm./day at 1000h 
Pigure 3.1.1 Experimental protocol. Each group was maintained for 8 weeks 
in long days followed by 8 weeks of melatonin. Treatment for each group in 
the first year was staggered by 11 week intervals. In the second year the 
light treatment was repeated for Groups 1 and 2. The long-day treatment of 
Group 1 was followed by 8 weeks of bromocriptine treatment. See text for 
further details. 
I Group I Start of Start of Start of Start of Start of 
Sampling 20L:4D Melatonin 20L:4D Bromocriptine 
Control 1/2/90 --- --- --- ---
Group 1 1/2/90 11/1/90 8/3/90 10/1/91 7/3/91 
Group 2 22/3/90 29/3/90 24/5/90 28/3/91 ---
Group 3 7/6/90 14/6/90 9/8/90 --- ---
Group 4 23/8/90 30/8/90 25/10/90 --- ---
Group 5 1/11/90 8/11/90 3/1/91 --- ---
Table 3.1.1 Treatment dates. Controls & Groups 1, 3, 4, 5, n=5; Group 2, n=4 
due to loss of one goat (May 1990) 
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maintained in conditions of natural photoperiod and temperature for 1.5 years 
under the stock husbandry routine outlined in Section 2.7.5. 
Sampling began one week prior to light treatment for each group. The 
controls were sampled with Group 1. Weekly sml blood samples were taken by 
venepuncture (Sections 2.1.1 & 2.1.2) for assessment of plasma prolactin by 
RIA and plasma progesterone by ELISA (Sections 2.2 & 2.4). Progesterone 
concentrations of greater than lng/ml for two or more consecutive samples were 
taken as indicative of ovarian activity. Behavioural oestrus was not 
recorded. 
24 hour sampling was carried out with the aid of a dim red light. The 
goats were cannulated and penned individually for repeated sampling (Sections 
2.1.1 & 2.7.7). sml blood samples were taken be venepuncture and the plasma 
harvested for assessment of melatonin and prolactin concentrations by RIA 
(Sections 2.2 & 2.3). 
Skin biopsies were taken at 4 weekly intervals and fixed in Bouin's 
fluid (Section 2.5). Subsequent histological processing and staining in 
haematoxylin and eosin was carried out (Section 2.6) to assess hair follicle 
morphology. Identification and classification was established from Parakkal 
(1990). The number of secondary follicles to a trio of primary follicles, 
horizontally sectioned at the level of the sebaceous gland, were counted to 
establish the ratio of secondary:primary follicles (Plates 1.1.1 & 1.1.2). 
One primary trio from a section from each goat in a group was assessed (n=s). 
The stage of primary follicle activity was scored as follows: l=Anagen 
(active); 2=Catagen (transitional); 3=Telogen (resting). To measure coat 
growth, a 10x10cm clipping was taken from over the rib cage of the goats at 
8 week intervals, alternating the sampling site, thus not returning to the 
same sampling site for 16 weeks. The coat samples were weighed (Section 2.5) . 
Statistical analyses were carried out using the statistical package 
Multistat, on an Apple Macintosh. For the onset and cessation of ovarian 
activity, a fixed time point was established (2/2/90). The number of days 
taken for progesterone to increase above 1ng/ml of plasma for the onset of 
ovarian activity, and conversely, to decrease below Ing/ml of plasma for the 
offset, was calculated for each goat. The unpaired Student's t-test was used 
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to assess the significance of differences in coat weight. Where control and 
treatment coat sampling dates did not correspond (Groups 3 & 4), the predicted 
coat weight, at the time of treatment sampling, was calculated for each goat 
in the control group. One-way analysis of variance was used to test treatment 
effects on plasma prolactin concentrations. From the observations of the 
number of secondary follicles to a primary trio, the number of secondary 
follicles to one primary follicle was calculated for each goat, and treatment 
group differences were tested against controls using the unpaired Student t-
test. Follicle scores were tested using a non-parametric test, the Mann-
Whitney U test. 
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Pigure 3.1.2 Plasma prolactin and coat weight of the control goats. (n=5). 
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3.3.1 Results 
Chapter 3 
Plasma prolactin in the control goats showed the expected seasonal 
pattern with concentrations low in the winter and high in the summer (Fig 
3.1.2) . In the Group 1 goats, the long day treatment in both years 
significantly increased plasma prolactin concentrations compared to the 
controls (Fig 3.1.3, p<0.001). Although the prolactin stimulation in the 
Group 1 goats tended to be greater in the second year, the difference was not 
significant (ANOVA). The melatonin treatment in Year 1 delayed the spring 
rise in prolactin by seven weeks (Controls: 15/3/90+6 days, Group 1: 3/5/90+3 
- -
days p<0.001). Group 1 plasma prolactin concentrations re-synchronised with 
the controls over the autumn and winter until treatment with long days in Year 
2. Relative to the controls, the bromocriptine treatment in Year 2 delayed 
the spring rise in prolactin by six weeks (Controls:14/3/91+7 days, Group 
1:25/4/91±3 days, p<0.001). No significant difference (ANOVA) was observed 
in the extent of prolactin suppression by either melatonin in Year 1 or 
bromocriptine in Year 2 and plasma prolactin concentrations did not 
significantly rise towards the end of treatment with either prolactin 
inhibitor. 
The long-day treatment at the end of March in the Group 2 goats did not 
increase the plasma prolactin concentrations in comparison to the elevated 
summer control prolactin levels, but the melatonin treatment significantly 
suppressed the prolactin levels (Fig 3.1.4, p<0.001). The decline in 
prolactin observed between weeks 17 and 25 in all the groups sampled was 
attributed to a succession of overcast and cooler days at that time (See 
Appendix 3). The timing of the long-day and melatonin treatment for Group 3 
and Group 4 resulted in no significant stimulation or inhibition of plasma 
prolactin secretion (Table 3.1.2). The long-day treatment of Group 5, 
however, significantly elevated the plasma prolactin levels (p<O.Ol), but no 
immediate effect of the subsequent melatonin treatment was observed compared 
with the naturally suppressed control winter prolactin values. A delayed 
treatment effect was observed with suppressed prolactin (Controls: 155.7,±18.8, 
Group 5: 76.3,±14.3, p<O.01) which resulted in a lag in the spring prolactin 
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b) 
c) 
Figure 3.1.3 Plasma prolactin and coat weight of Group 1 goats and the 
controls. a) Plasma prolactin of the Controls and Group 1 in Year 1: 20L:4D 
treatment from the 11/1/90, followed by melatonin treatment from 8/3/90. b) 
Plasma prolactin of the Controls and Group 1 in Year 2: 20L:4D from the 
10/1/91 followed by bromocriptine treatment from the 7/3/91. c) Coat weight 
over both years. 20L:4D, 20 hours light:4 hours dark; MT, melatonin; BR, 
bromocriptine. n=5, group mean~S.E.M. 
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Pigure 3.1.4 Plasma Prolactin of Groups 2 & 5 compared to the controls. 
a) Group 2 treatment: Year 1 20L:4D from 29/3/90. MT from 24/5/90; Year 2 
20L:4D from 28/3/91. b) Group 5 treatment: 20L:4D from 8/11/90, MT from 
3/1/91. n=5; 20L:4D, 20 hours light: 4 hours dark; MT, melatonin. 
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I Group I 20L:4D Corresponding MT/Brom Corresponding Treatment Control Treatment Control 
Group 1 Year1 36.1+4.0 8.2+2.8 20.4+3.2 121.5+20.9 
Group 1 Year2 53.3+9.1 6.1+1.7 19.2+5.8 68.8+9.8 
Group 2 143.5+27.0 168.0+23.1 116.1+22.9 253.3+26.5 
Group 3 185.9+28.7 246.9+31.2 63.5+18.4 64.0+12.4 
Group 4 14.1+3.4 30.0+10.1 2.0+0.8 1.6+0.5 
Group 5 4.8+1.3 0.8+0.3 6.0+1.4 5.1+1.8 
Table 3.1.2 Prolactin concentrations under long-day, melatonin or 
bromocriptine treatment. (See Fig. 3.1.1 & Table 3.1.1 for treatment dates). 
Prolactin concentrations (ng/ml) are weekly samples over the 8 week treatment 
period for each treatment group compared to the controls at the corresponding 
time period. n=5, mean~S.E.M. 
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rise (Controls: 14/3/91+7 days, Group 5:28/3/9l~11 days, NS, Fig. 3.1.4). 
Moulting of the winter coat, recorded as a decline in coat weight, was 
observed from February in the control goats and reached a nadir in the summer 
(1.3~0.lg, 19/7/90 Fig. 3.1.5). From July the coat weight increased reaching 
a maximum recorded weight of 5.69~0.2g (28/2/90). Moulting of the winter coat 
was delayed in Group 1 (Group 1: 3.5~0.lg, Controls: 1.3~0.lg, 19/7/90, 
p<O.OOl) . Subsequent moulting was rapid (Group 1: 0. 9~0 .lg, Controls: 
3.9.±.0.3g, 13/9/90, P<O.OOl). Growth of the next winter coat resumed in 
accordance with the controls (Group 1: 5.5±0.2g, Controls: 5.7~0.2g, 28/2/91, 
NS). Long days followed by bromocriptine resulted in no retention of the 
winter coat but at the end of the sampling period, growth of the next winter 
coat was significantly lower (Fig 3.1.5, p<O.Ol). 
Following the melatonin treatment in June, Group 2 showed incomplete 
moulting of the winter coat before growth of the next resumed (p<0.05). With 
the transition from the simulated short winter days under melatonin treatment, 
to the long days of summer, a rapid loss of this coat was observed resulting 
in a summer coat weight in November (Group 2: 1.8±0.2g, 1/11/90, Controls: 
4.9.±.0.2g, 8/11/90 p<O.OOl). Growth of a winter coat was initiated but never 
attained control winter coat weights. By the spring, control and Group 2 coat 
weights were the same (Fig 3.1.5). 
Group 3 showed an advance in the loss of the winter coat (Group 3: 
4.5.±.0.lg, Controls: 5.5+0.3g, 17/1/91 p<O.OOl). A full winter coat weight was 
not attained in the Group 4 goats, although the pattern of change was similar 
to the controls. No significant treatment effect was observed in Group 5 (Fig 
3.1.5) . 
The percentage of follicles active (anagen) and the ratio of secondary 
to primary follicles (SIP ratio) in the control goats were high through the 
winter and autumn and low in the summer months (Fig. 3.1.6). Plates 3.1.1 and 
3.1.2 show horizontal sections of hair follicles at the level of the sebaceous 
gland. Primary hair follicles in the anagen (active) stage with a winter and 
summer SIP ratio are shown in Plate 3.1.1. Primary follicles in catagen 
(transitional) and telogen (resting) are shown in plate 3.1.2. 
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coat weight. The controls are depicted on each graph for a direct comparison 
of each treatment group. (See Fig. 3.1.1 & Table 3.1.1 for treatment dates) 
20L:4D, 20 hours light:4 hours dark, MT, melatonin, BR, bromocriptine; n=5, 
mean.!,S.E.M. 
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Pigure 3.1.6 Assessment of follicle morphology: Controls and Group 1. a) 
Coat Weight; b) Secondary to Primary Follicle Ratio; c) Percentage Primary 
Follicles Active. Group 1 Treatment: Year 1 20L:4D from 11/1/90, MT from 
8/3/90; Year 2 20L:4D from 10/1/91, BR from 7/3/91. *p<O.OS, **p<O.Ol, 
***P<O.OOl; 20L:4D, 20 hours light: 4 hours dark; MT, melatonin; BR, 
bromocriptine, n=5, mean~S.E.M. 
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Pigure 3.1.7 Assessment of follicle morphology: Controls and Group 2. a) 
Coat Weight; b) Secondary to Primary Follicle Ratio; c) Percentage Primary 
Follicles Active. Group 2 Treatment: Year 1 20L:4D from 29/3/90, MT from 
24/5/90; Year 2 20L:4D from 28/3/91. *p<0.05, **p<O.Ol, ***p<O.OOl; 20L:4D, 
20 hours light: 4 hours dark; MT, melatonin; BR, bromocriptine, n=5, 
mean.:t.S.E.M. 
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Plat. 3.1.1 Horizontal sections of primary follicle trios during anagen. The 
primary follicles in anagen (active stage) have a thin inner and outer root 
sheath. Plate A shows a high secondary to primary follicle ratio associated 
with a winter coat structure (S/P=4.7/1). Plate B shows a low secondary to 
primary ratio associated with a summer coat structure (S/P=l/l). P, primary 
follicle; S, secondary follicle; ORS, outer root sheath; IRS, inner root 
sheath; SG, sebaceous gland; HS, hair shaft; IT, interstitial tissue. 
Magnification x 100, Scale: Solid bar=O.lmm. Haernatoxylin and eosin staining . 
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B 
Plate 3.1.2 Horizontal sections of primary follicle trios during catagen and 
telogen. The primary follicles during catagen (transitional stage) have a 
thin inner sheath and a thicker, more defined outer root sheath (Plate A). 
Plate B shows primary follicles during telogen (resting stage) with a well 
defined inner and outer root sheath. P, primary follicle; S, secondary 
follicle; ORS, outer root sheath; IRS, inner root sheath; SG, sebaceous gland; 
HS, hair shaft; IT, interstitial tissue. Magnification x 100, Scale: Solid 
bar=O.lmm. Haematoxylin and eosin staining. 
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Following the treatment in consecutive years for Group 1, the activity 
of the primary follicles became asynchronous to the controls. The long-day 
and melatonin treatment of Group 1 induced the retention of a high winter SIP 
ratio (Wk 17) with a subsequent delay in the attainment of a summer coat 
structure (Wk 25, p<O .05) . Following the long-day and bromocriptine 
treatment, a corresponding retention in winter coat structure was observed. 
A greater variation between animals in the second year rendered the observed 
trend following bromocriptine non-significant. Sampling was not continued for 
long enough to establish whether a delay occurred in the development of a 
summer coat. 
Group 2 treatment delayed the fall in SIP ratio from May to September 
( Fig. 3. 1 . 7, p< 0 . 0 0 1) . Treatment resulted in asynchronous hair follicle 
activity, which could not be attributed specifically to long-day or melatonin 
treatment. Group 4 treatment resulted in a significant reduction in the ratio 
of secondary to primary follicles in January and February (p<0.05), while the 
SIP ratio of Groups 3 & 5 followed the seasonal trend of the control goats. 
Low primary follicle activity, observed in the summer of the controls, was 
advanced in Group 5 (p<0.05), although the SIP ratio remained unaffected. 
From the 24 hour sampling, prolactin peaks corresponding to dusk and 
dawn were observed in the control goats. Under exogenous melatonin, prolactin 
was suppressed but the dusk and dawn peaks were still evident (Fig. 3.1.8). 
From the 24 hour sampling carried out during the treatment with bromocriptine, 
prolactin was suppressed to levels associated with winter and dusk and dawn 
peaks were eliminated. There was a tendency for prolactin to rise before the 
next bromocriptine injection (Fig. 3.1.8). No effect of bromocriptine on the 
endogenous circadian melatonin rhythm was observed (Fig 3.1.9). 
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Pigure 3.1.8 24h plasma prolactin profiles following treatment with melatonin 
or bromocriptine. a) Melatonin administered at 1600h (3mg/goat/day orally). 
b) Bromocriptine administered at 1000h (5mg/goat/day i .m.) . Solid bar 
indicates the hours of darkness. Dates of sampling were a) 15/8/90 and b) 
23/4/91. n=5, mean~S.E.M. 
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Figure 3.1.9 24h plasma melatonin (mean+S.E.M.) in bromocriptine-treated and 
control goats (n=5). Bromocriptine administered at 1000h (5mg/goat/day Lm.). 
Solid bar indicates the hours of darkness. Sampling date: 23/4/91. 
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3.3.2 Discussion 
Under natural conditions of photoperiod and temperature, the control 
goats showed an annual rhythm in prolactin. High circulating concentrations 
were observed around the summer solstice when both day length and temperature 
were maximal and low concentrations were observed around the winter solstice 
when temperature and daylength were minimal. This is in accordance with 
previous reports by Buttle (1974) and Prandi et ale (1987). 
Long-day treatment (20 hours light:4 hours dark) for 2 months elevated 
winter prolactin concentrations. Goats already showing long-day summer 
prolactin levels, (Group 3 treated from June), showed no further elevation in 
prolactin in comparison to the controls, despite the increase in photoperiod 
from 16 to 20 hours light. The long-day treatment of Group 4 goats at the end 
of August did not delay the decline from summer to expected winter values. 
Almeida and Lincoln (1984) maintained rams in continuous long days and 
observed a spontaneous decline in circulating prolactin after 16 weeks. In 
the present study, the goats in Group 4 may have become refractory to the 
natural long days experienced during the summer and were then unresponsive to 
further long days. In support of development of a refractory state, Group 5, 
which perceived a period of natural short days prior to the long-day treatment 
commencing in November, were responsive to light treatment showing a small but 
significant rise. Group 1 goats, which, with treatment in January, perceived 
short days until towards the end of winter showed a larger increase. This 
suggests a difference in sensitivity of prolactin secretion to light 
treatments dependent on the time of year and previous photoperiodic history. 
Orally administered melatonin suppressed elevated summer prolactin 
concentrations. Group 1 treatment delayed the spring rise in prolactin, but 
no corresponding delay in the autumnal prolactin decline was observed. Id 
est, the period of elevated plasma prolactin was not shifted; the duration of 
elevated prolactin concentrations was reduced. In the consecutive year for 
Group 1, the dopamine agonist bromocriptine also delayed the spring rise, 
inhibiting the secretion of prolactin from the 1actotrophs though dopaminergic 
pathways (Ben-Jonathan, 1985). Melatonin treatment in Group 2 suppressed 
summer prolactin concentrations. The decline in prolactin observed in both 
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the controls and Group 3 in May/June was attributed to a succession of 
overcast days and a concomitant decrease in the average temperature (Appendix 
3). Effects of melatonin treatments later in the year were not evident in 
comparison to the naturally suppressed winter prolactin concentrations of the 
control goats which were at the limits of assay sensitivity. 
Exogenous melatonin treatment early in the year influenced the coat 
growth patterns. Melatonin treatment from March (Group 1) resulted in 
inhibition of moulting of the winter coat. With the end of treatment, 
subsequent moulting was rapid and growth of the winter coat resynchronised 
with the controls the following winter. Melatonin in June (Group 2) resulted 
in a slight advance in coat growth, but the transition from the artificial 
short days following melatonin, to the comparatively long days in July, 
induced moulting. A summer coat weight was recorded in November. A full 
winter coat was not attained before moulting was initiated the following 
spring. If melatonin treatment at this time was repeated for a number of 
consecutive years, the development of two full coats in one year could 
potentially be achieved. A similar observation was reported in a study 
carried out in Australia, where melatonin implantation in the spring resulted 
in the growth of two fleeces in one year with an overall increase in the fibre 
harvested (Litherland et al., 1990). Spring melatonin treatment in the red 
deer was successful in advancing moulting of the summer coat and growth of the 
winter coat (Fisher et al., 1990). Treatment of sheep and goats later in the 
year, during the autumn-winter, was unable to alter the timing of the moult 
in accordance with the results of others (Foldes et al., 1990; Litherland et 
al., 1990). The above emphasises the importance of treatment timing in the 
induction of coat moulting changes. 
Both the melatonin and bromocriptine treatment in the present study 
delayed the spring rise in prolactin. Retention of the winter coat weight was 
only observed following the delay in spring prolactin rise with melatonin. 
However, following treatment with both melatonin and bromocriptine, the number 
of secondary follicles remained high, thus a winter coat structure was 
retained. In the present study, from assessment of the coat weight alone, no 
effect of bromocriptine, and thus prolactin, was observed, but on more 
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detailed histological studies of the follicle morphology, treatment effects 
were identified. It is proposed that the maintained coat weight following 
melatonin treatment resulted from retention of a high winter SIP ratio and 
extensive retention of the old guard hairs adjacent to the newly erupted 
summer fibre, whilst following bromocriptine treatment, the old guard hairs 
were moulted, but the number of secondary follicles to primary follicles 
remained high. Altered receptivity of the hair follicles in the second year 
due to the melatonin treatment in first year is possible but thought unlikely 
since other endocrine and physiological parameters recorded had resynchronised 
with the controls. From the present study, the control of moulting cannot be 
attributed to prolactin alone, since a delay in the spring prolactin rise via 
different pharmacological mechanisms in consecutive years did not induce 
comparable responses between years. The difference in response to the 
melatonin and bromocriptine suggests either the suppression of prolactin via 
two independent routes, resulting in variations in observed response, or an 
interaction of both the seasonally influenced hormones, melatonin and 
prolactin, mediating different effects, culminating in moulting of the winter 
coat. 
A role of photoperiod in determining the timing of seasonal coat growth 
patterns can be concluded (Allain et al., 1986), however dissociation of a 
role of melatonin or prolactin acting directly or indirectly at the hair 
follicle cannot be established from the present study or the work of others. 
Following pinealectomy of Merino sheep, no effect on wool growth or wool 
follicle density was reported (~Cloghry et al., 1992) which is at variance 
with the results reported by Foldes et al., (1991). Pinealectomy of neonatal 
Merino lambs resulted in significantly increased wool weight from tattooed 
midside patch clippings. The difference in weight was not attributed to fibre 
diameter or length but to an increase in the number of secondary to primary 
follicles (Foldes et al., 1991). Thus the abolition of a melatonin rhythm by 
pinealectomy resulted in an increase in secondary follicle density. 
Implantation of melatonin into 45 and 95 day-old fetuses reduced secondary 
follicle density measured at 2 and 12 weeks of age. By 24 weeks of age, no 
reduction in follicle density was observed, suggesting melatonin tmplantation 
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in utero delayed secondary follicle development (Foldes et al., 1991). The 
effect of melatonin implantation or the prevailing temperature and photoperiod 
on plasma prolactin was not measured. Thus the observed effects on follicle 
density may have been attributed to an effect of melatonin on circulating 
prolactin (or another factor) which in turn acted to mediate changes in 
follicle morphology. In the study by M'Cloghry et al., (1992), where 
pinealectomy did not alter the secondary follicle density in comparison to 
control animals, surprisingly, no seasonal changes in prolactin secretion were 
observed in the control animals over the duration of a year. (The animals 
were maintained indoors, thus natural extremes in temperature may not have 
been perceived). Thus prolactin in the controls and pinealectomised sheep 
expressed no seasonality which may have contributed to the lack of response 
observed in follicle density reported previously by Foldes et al. (1991), and 
further implicates a role for prolactin, alone or synergistically, in coat 
growth cycles. Following autoradiography of skin sections, no specific 
binding of 12sI-melatonin binding could be demonstrated, indicating that 
melatonin does not act directly at the follicle to mediate the effects on 
secondary follicle activity in the adult and secondary follicle development 
in the neonate or fetus (Foldes et al., 1991). In the present study, 
maintained follicle density was observed following prolactin suppression by 
melatonin in the first year and bromocriptine under a natural endogenous 
melatonin rhythm in the second year, supporting a role for prolactin in 
follicle morphogenesis. 
Maxwell et ale (1991) actively immunised Merino sheep in utero, post-
natally and at maturity against melatonin. No effect of the removal of 
peripheral melatonin in adult wethers was observed either in wool growth or 
follicle density. This conflicts with the observations in the mature goat, 
where immunisation against melatonin altered the pattern of growth determined 
by the length (Sutherland et al., 1990). In the foetus and the early neonate, 
the reduction in circulating melatonin following immunisation increased the 
initiation and development of secondary wool follicles (Maxwell et al., 1991). 
The results suggest that maternal melatonin is the zeitgeber for the 
regulation of secondary follicle morphogenesis. In accordance with the work 
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of Maxwell et al. (1991), melatonin affected the secondary fibre production 
as opposed to production of the guard hairs from the primary follicles 
(Litherland et al., 1990). The effect of immunisation against melatonin on 
circulating prolactin was not reported in either study, thus a role for 
prolactin in secondary follicle activity cannot be precluded. In addit i on, 
interpretation of studies involving endocrine immunisation is complicated by 
possible differences in antibody titre or receptor affinity. 
Alternating the periods of long and short days in the ram, plasma 
prolactin and the percentage of follicles active was found to relate to the 
imposed photoperiod; when prolactin concentrations were high under long days, 
the percentage of follicles in anagen was low and vice versa (Allain et al., 
1986). In pinealectomised rams under the same photoperiodic control, plasma 
prolactin and follicle activity became asynchronous with the photoperiod. 
Thus it was concluded that photoperiodic control of prolactin mediates the 
seasonal changes in coat growth patterns. Martinet et al. (1992) maintained 
mink under conditions of either winter photoperiod and temperature hold, or 
summer temperature and photoperiod hold for a period of 5 years. Circannual 
cycles in prolactin and moulting pertained to a rhythm of 11 months, 
suggesting a temporal relationship and evidence for an endogenous rhythm in 
prolactin and moulting, which under natural conditions, was entrained to the 
prevailing environmental conditions. 
In the Djungarian hamster, bromocriptine suppression of prolactin in 
hamsters maintained under long-day photoperiods, inhibited moulting of the 
winter coat; concomitant prolactin administration induced a rapid moult 
(Duncan & Goldman, 1984). In the Siberian hamster maintained under short 
days, elevation of plasma prolactin with the dopamine antagonist, pimoz i de, 
prevented the development of a winter coat (Badura & Goldman, 1992). In red 
deer and goats, administration of long-acting bromocriptine from mid-winter 
delayed the moult from a winter to a summer coat (Curlewis et al., 1988; Lynch 
& Russel, 1990). In accordance with results reported here, a study on 
Scottish Blackface sheep, recording monthly differences in coat weight (and 
not follicle morphology), weekly administration of long-acting bromocriptine 
from mid-winter to mid-summer suppressed prolactin but did not affect wool 
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growth (Curlewis et al., 1991). The lack of an observed effect of prolactin 
suppression on the wool growth may have been attributed to measurement of only 
coat weight as opposed to assessment of fibre structure used in a previous 
trial (Curlewis et al., 1988) or follicle morphology, used in conjunction with 
weight in the present study. Additionally, although the Scottish Blackface 
has not been as intensively selected for fleece quality as some modern sheep 
breeds, some breeds do not show a marked seasonal moult, rather, the fibre 
growth is continuous, but occurring at different rates dependent on the 
season. 
The phylogeny of some breeds of sheep and goats may render receptors on 
the target organ, for example, hair follicles, less sensitive to seasonal 
changes in prolactin or melatonin secretion. Lincoln (1990) studied the 
temporal relationship between seasonal prolactin secretion and coat growth in 
sheep breeds at varying states of domestication. The Mouflon, the least 
domesticated of the species studied, expressed the most marked seasonal change 
in wool growth and structure, with a winter coat of coarse guard hairs and a 
dense under coat followed by a sparse summer coat. The changes in the coat 
were related to the seasonal prolactin concentrations. In breeds selected for 
the fine quality of wool such as the Merino, there were no obvious differences 
in the fibre type produced from summer to winter and a less def ined 
association with seasonal prolactin secretion. All the breeds studied showed 
a well defined seasonal pattern of prolactin secretion, however selective 
breeding for a uniform fleece was proposed to modify the hair follicles and 
their response to prolactin (Lincoln 1990). The study by Lincoln (1990) 
demonstrated a temporal relationship of prolactin dependent on the extent of 
domestication, but not a direct causal endocrine effect. In the present 
study, the British Saanen goat was used which has been selected for milk yield 
as opposed to fibre production. The proportion of cashmere produced is low 
compared to the Angora goat, however, there is a well defined moult in the 
spring and autumn. 
As observed from the 24 hour profiles, the overall extent of prolactin 
suppression was similar under both melatonin and bromocriptine treatments. 
However, over 24 hours, administration of bromocriptine abolished expression 
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of peaks in prolactin secretion. Bromocriptine is a specific ~ dopamine 
receptor agonist (Kebabian & CaIne, 1979) resulting in a reduction or 
inhibition of prolactin de novo synthesis and release (Levy & Lightman, 1988; 
for review see Ben-Jonathan, 1985). Due to inconsistencies in observation in 
previous studies, the existence of circadian changes in prolactin remains 
controversial. Daylength has been shown to govern the timing of the dusk 
prolactin peak, however pinealectomy of sheep did not abolish the peak (Brown 
& Forbes, 1980). In a study by Kennaway et a1. (1983) assessing the effect 
of various photoperiods in the circannual pattern of prolactin secretion, a 
relationship between other environmental cues, such as time of feeding as 
opposed to photoperiod, on the timing of prolactin peaks was concluded. In 
contrast to the results of the present study, Hinds (1989) reported a lack of 
suppression of the dusk peak in prolactin secretion in the tammar wallaby with 
daily injections of bromocriptine. Hinds (1989) suggested that prolactin 
secretion at this time was not under dopaminergic control. Limited 
information is available relating the interval between prolactin peaks, the 
role and length of the photoperiod and recognised seasonal responses to 
prolactin secretion. Thus the control and importance of the dusk and dawn 
peaks in mediating seasonal physiological changes attributed to prolactin 
remains undetermined and may account for the differences observed in coat 
weight in the present study. 
In the present study, no decline in the efficiency of prolactin 
suppression by short-acting bromocriptine was observed. From previous reports 
by Curlewis et a1. (1988; 1991), plasma prolactin tended to rise before 
completion of the long-acting bromocriptine treatment. The study by Curlewis 
et a1. (1988), involved weekly administration of bromocriptine from January 
to November with a decline in the efficiency of the extent of prolactin 
suppression through the sununer months. An additional study by Curlewis et a1. 
(1991) demonstrated that prolactin suppressed by chronic bromocriptine 
treatment could be further inhibited by additional acute bromocriptine doses. 
A seasonal variation in dopamine release or lactotroph sensitivity to dopamine 
and thus bromocriptine, was proposed. The mechanisms of action by which 
melatonin influences the secretion of prolactin from the lactotroph remains 
IlS 
Chapter 3 
undetermined. The possible control mechanisms are reviewed in Chapter 5, but 
a direct action of melatonin at the anterior pituitary is thought unlikely. 
The difference in the physiological responses in follicle morphology with 
prolactin suppression by melatonin and bromocriptine suggest that the 
influence of melatonin on prolactin secretion may be independent of the 
dopaminergic pathway. 
Stroud et al. (1991) reported seasonal variations in the molecular 
weight forms produced from the pituitary of the ram. If melatonin mediates 
the suppression of prolactin by a route independent of the action of 
bromocriptine on the dopaminergic system, proportions of the molecular weight 
variants of prolactin produced from the anterior pituitary into the peripheral 
circulation may differ. This could account for the differences observed in 
coat weight and follicle morphology following the delay in spring prolactin 
rise by melatonin or bromocriptine treatment. A number of prolactin variants 
have been identified (Sinha, 1992). In vitro studies by Baldocchi et al. 
(1992) showed tissue differences in the extent of prolactin cleavage between 
rat mammary, spleen, kidney or liver tissue. Furthermore, the yield of the 
prolactin fragments cleaved from mammary explants differed dependent on the 
physiological state of the rat, id est, cycling, pregnant or lactating. 
Although there is no current evidence, it is possible that prolactin cleavage 
may occur at the hair follicle. Seasonal variation in the extent of prolactin 
cleavage may account for changes in hair follicle activity and coat moulting 
cycles. Melatonin may mediate its effect through both the control of annual 
prolactin secretion from the anterior pituitary and production of prolactin 
cleaving enzymes. 
Evidence from the present study suggests that the control of moulting 
is mediated by an interaction of photoperiodic changes on the secretion of 
both melatonin and prolactin. The spring rise in prolactin was delayed in 
consecutive years by melatonin and bromocriptine treatment, however moulting, 
recorded by weight changes, was inhibited only in response to the melatonin 
treatment. Both melatonin and bromocriptine treatment resulted in retention 
of a winter secondary/primary ratio. The action of melatonin on the 
suppression of prolactin from the lactotrophs is unknown and may be 
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independent of the dopaminergic pathway, since prolactin suppression by the 
dopamine agonist bromocriptine resulted in differences in response as 
expressed by the follicle morphology. Thus the results of the present study 
suggest a synergistic action of melatonin and prolactin on moulting, but did 
not provide conclusive evidence to determine the precise roles of melatonin 
or prolactin in the control of seasonal coat growth patterns. 
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Pigure 3.2.1 24h plasma melatonin (mean+S.E.M., n=5) in goats following oral 
melatonin administration. a) Plasma -melatonin concentrations of goats 
administered melatonin at l600h (3mg/goat/day, orally). b) The treated goats 
on an increased scale to show in more detail the plasma melatonin 
concentrations during the natural hours of darkness. c) Controls under 
natural photoperiod conditions. Solid bar represents the hours of darkness. 
Date of sampling 15/8/90. 
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The endogenous rhythm of melatonin secretion corresponded to the hours 
of darkness in August (Fig 3.2.1). The oral administration of melatonin 
resulted in a simulated short-day 24 hour pattern of secretion. Despite the 
non-physiological surge in melatonin with administration, the short-day 
melatonin pattern superimposed the endogenous rhythm. 
The long-day and melatonin treatment was found to advance the onset of 
ovarian activity in Groups 1,2 & 3 in comparison to the Controls. The 
Controls ceased cycling on the 29/3/90±12 days and resumed in the autumn on 
the 8/11/90±5 days (Table 3.1.3). In the spring of the second year the 
Control goats ceased cycling on the 11/4/91+7 days. Fig. 3.2.2 shows the 
progesterone profiles for the Control goats for the first year of the trial. 
Goats 170 and 56 were thought to be pseudopregnant since they expressed raised 
progesterone levels for a gestation length through the summer. 
As a result of the period of long days, Group 1 ceased cycling earlier 
in Year 1, (1/3/90±7 days), but the long-day and melatonin treatment advanced 
ovarian activity by 170 days to the 10/5/90±8 days (Fig 3.2.3, p<0.001). In 
the absence of the male effect, two goats from Group 1 ovulated once, while 
others ovulated up to six times. The period of advanced ovarian activity 
ceased on the 12/7/90±20 days, with a second duration of ovarian activity 
occurring in accordance with the Controls on the 8/11/90±3 days (NS). As a 
result of the repeated long-day treatment for Group 1 in the second year, 
ovarian activity ceased in advance of the controls (Table 3.1.3, p<0.001). 
The long-day and bromocriptine treatment in the second year did not advance 
the breeding season. 
Group 2 oestrous cycling ceased in the spring at the same time as the 
controls (5/4/90±6 days). With the long-day and melatonin treatment 
commencing at the end of March, Group 2 ovarian activity was advanced to the 
23/8/90±O days with cycling until the 4/10/90±14 days. One goat continued to 
cycle through while the remaining Group 2 goats resumed on the 6/12/90; 
delayed in comparison to the controls. Oestrous offset in Year 2 was in 
April, with the control goats (Table 3.1.3). Group 3 treatment advanced the 
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GROUP OESTROUS ADVANCED ADVANCED OESTROUS OESTROUS 
OFFSET OESTROUS OESTROUS ONSET OFFSET 
YEAR 1 ONSET OFFSET YEAR 1 YEAR 2 
CONTROLS 29/03/90 8/11/90 11/04/91 
.±.12 Days .±.5 Days .±.7 Days 
GROUP 1 1/03/90 10/05/90 12/07/90 8/11/90 28/02/91 
+7 Days +8 Days +20 Days +3 Days +7 Days 
-
* *** NS ** 
GROUP 2 5/04/90 23/08/90 4/10/90 6/12/90 18/04/91 
+6 Days +0 Days .±.14 Days .±.15 Days +5 Days 
NS * NS p<0.07 NS 
GROUP 3 25/10/90 18/04/91 
+5 Days .±.22 Days 
* NS 
GROUP 4 8/11/90 11/4/91 
+2 Days .±.23 Days 
NS NS 
GROUP 5 8/11/90 21/02/91 
+3 Days .±.27 Days 
NS NS p<0.08 
Table 3.1.3 Timing of the natural and advanced breeding season. For details 
of the timing of treatment, see Fig. 3.1.1 & Table 3.1.1. n=5, mean.±.S.E.M., 
*p<O.OS, **p<0.01, ***p<0.001, compared with controls. 
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Pigure 3.2.2 Plasma progesterone profiles of the control goats. Each graph 
represents the plasma progesterone profile for a goat in the control group. 
Plasma progesterone concentrations of greater than Ing/ml for two consecutive 
samples was taken as indicative of ovarian activity. Goats 56 and 170, with 
elevated progesterone throughout the summer were thought to be pseudopregnant. 
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breeding season by only 21 days to the 25/10/90~5 with cycling continuing 
through until the following spring (18/4/91~22 days, Fig. 3.2.3). 
The remaining two treatment groups showed no significant advance (Group 
4: 8/11/90~2 days, Group 5: 8/11/90~3 days). Oestrous offset for Group 4 was 
with the Controls (Table 3.1.3) whilst Group 5 ceased cycling in accordance 
with Group 1, although not significant from the Controls due to the wide 
variation between animals (p<O.08). 
The effect of timing of the long-day and melatonin treatment on the 
number of days ovarian activity was advanced from the Controls is summarised 
in Fig. 3.2.3. 
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Figure 3.2.3 Timing of the natural and advanced breeding season. a) The 
duration of raised plasma progesterone (>lng/ml) for each goat in the control 
and treatment groups. See Fig. 3.1.1 & Table 3.1.1 for treatment details. 
No data was collected for oestrous offset in Groups 3, 4 & 5 in Year 1 before 
they entered the experiment and this period is represented by the control 
mean. b) The number of days ovarian activity was advanced from the controls 
depending on the timing of the long-day and melatonin treatment. 
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3.4.2 Discussion 
In the present study the extent of breeding season advance was 
determined by the timing of long-day and melatonin treatment. Treatment 
commencing in January (Group 1) was the optimum strategy which resulted in a 
well defined advance in ovarian activity, enabling goats to be mated in May 
or during the natural breeding season in November. The commercial application 
of this treatment strategy would allow a spread in the production of offspring 
and peak milk yield at different times of the year. The treatment starting 
in March (Group 2) sigqificantly advanced the timing of the breeding season 
to August, whilst treatment in June advanced ovarian activity by only three 
weeks to September. The remaining two treatments in August and September 
showed no extension of ovarian activity. Bromocriptine inhibition of 
prolactin secretion did not influence the 24 hour melatonin profile or 
oestrous activity, providing further evidence to eliminate prolactin as an 
important factor in the control of reproduction. 
Photoperiodic control and exogenous melatonin treatments are well 
established to control the timing of the breeding season in ovines and 
caprines (Lincoln & Short, 1980; Arendt et al., 1983; Mori et al., 1984; 
Chemineau et al., 1986). Orally administered melatonin in the late afternoon 
in the present study, provided a short-day signal superimposed over the 
endogenous melatonin rhythm. Chemineau et ale (1988) found melatonin 
drenching to be the most efficient at initiating and maintaining ovulatory 
activity in goats, when compared to injections or implants. With melatonin 
treatment early in the year for some groups in the present study, the period 
of long days was thought necessary to break refractoriness to the short 
photoperiod perceived through the previous autumn and winter. Chemineau et 
al., (1986) and Deveson et al., (1992) reported a requirement in late winter 
for a period of long days preceding exogenous melatonin, necessary to initiate 
a reproductive response in goats; a phenomenon also observed in ovines (Worthy 
& Haresign, 1983; Robinson & Karsch, 1984; Robinson et al., 1985). Chemineau 
et al. (1986) and Deveson et al. (1992) also reported that treatment with a 
skeleton photoperiod was effective in mimicking a long-day during the winter 
and successful at advancing the breeding season when followed by exogenous 
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melatonin. 
As a result of the long-day treatment commencing in January in 
consecutive years, Group 1 oestrous offset occurred on the 1/3/90+7 days in 
Year 1 and the 28/2/91~7 days in Year 2. Oestrous offset of Group 1 was 
advanced from the controls in the corresponding years (see Table 3.1.1). 
Group 5 oestrous offset in Year 2 was also advanced from the controls, however 
no out-of-season advance in the breeding season was observed in the following 
spring/summer. The results of Group 5 corresponds with the theory of Ma1paux 
& Karsch (1990), that the role of short days is to determine the length of the 
breeding season. Group 5 perceived the natural lengthening of the days in the 
spring of Year 1, thought to be critical in determining the onset of the 
breeding season the following autumn (Ma1paux et al., 1989), and the goats 
commenced oestrous cycling in accordance with the controls. However, the 
natural shortening of days in the autumn was interrupted by the imposed long-
day treatment. The resultant reduction in the length of the breeding season 
may have been in response to the long days switching off the reproductive axis 
however, with the subsequent melatonin treatment, no advance in the breeding 
season was observed in the following year. 
Malpaux and Karsch (1990), further substantiated by the work of 
O'Ca11aghan et ale (1992), hypothesised that short days are not necessary to 
induce ovarian activity, but that the length of the breeding season is 
determined by the duration of short days. Thus, the duration of ovarian 
activity may have been reduced in Group 5 as a result of reduced winter short 
days with light treatment. If the duration of short days in the winter 
determines the length of the breeding season this would explain the length of 
the advanced breeding season in Groups 1 & 2 since the simulated short days 
with exogenous melatonin were only of two months duration. A comparison of 
the timing of Group 1 long-day and melatonin treatment, successful in 
advancing the breeding season to May, with Group 5 (no advance) shows that 
treatment timing is crucial. 
The use of melatonin in commercial sheep flocks has now been licensed 
in the U.K. The treatment protocol does not include pretreatment with 
artificial long days, thus relying on the transition from spring to summer and 
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the naturally occurring lengthening of days. As a result, commercial flock 
owners are advised against implantation before July which, as the present 
study shows (Group 3), limits the extent of advance of the breeding season 
(Haresign et al., 1990; Staples et al., 1991; Staples et al., 1992). With 
commercial implantation strategies, Haresign et al. (1992a) emphasised the 
importance of the timing of the natural breeding season of different breeds 
in determining the most effective melatonin implantation ·window·. For 
Suffolk X ewes, the optimum timing of melatonin treatment was mid May to Mid 
June, while for Mule ewes treatment timing was mid June to mid July to advance 
the breeding season by a minimum of 50-60 days. The present study 
demonstrates the requirement for a period of long days in the late winter to 
advance the "window" when the short-day melatonin signal can be read, enabling 
an advance in the breeding season by approximately 170 days. 
As illustrated in Fig 3.2.3, the number of successive ovulations which 
occurred varied between goats, however the study was carried out in the 
absence of the male effect. Chemineau et al. (1986; 1988) demonstrated the 
importance of the male effect with an even earlier onset of ovarian activity 
in goats receiving melatonin. However, following melatonin treatment in the 
ewe, no significant difference was observed in the onset of ovarian activity 
in ewes with or without introduction of the male (Rekik et al., 1991). With 
advance of the breeding season in the female, a corresponding advance in 
reproductive activity in the male must be achieved to increase the conception 
rate. Photoperiod and melatonin treatments successfully applied to females 
are also successful at inducing out-of-season testis recrudescence in the male 
with no adverse effects on sperm number or motility (Lincoln & Ebling, 1985b; 
Chemineau et al., 1988b). With the introduction of a seasonally-advanced 
intact male goat, Deveson et al. (1992) verified the fertility of out-of-
season ovarian activity in goats with successful conceptions and subsequent 
kiddings out-of-season. Work by Delgadillo et al. (1991; 1992) demonstrated 
that rapid two-monthly alterations between long and short days abolished the 
seasonality in male goats and increased overall sperm production without 
reducing sperm quality. Thus not only can reproductive activity in males be 
advanced to copulate seasonally-advanced females, but an increase in sperm 
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production and thus potential artificial insemination use can be achieved. 
Considerable controversy exists as to whether exogenous melatonin 
influences ovulation rate and thus fecundity. Kennaway et al., (1987) , 
reported an increase in ewe fecundity following photoperiod and melatonin 
treatment, while Williams and Ward (1988) observed high fertility levels but 
average fecundity in seasonally advanced ewes. More recently, work by 
Haresign et al. (1990; 1992b), reported an increase in the number of lambs 
born per ewe with evidence for a melatonin dose-dependent relationship in the 
ovulation rate (Haresign, 1992a), although the effect of melatonin was 
variable between flocks and breeds. This is in accordance with work on sheep 
and goats by Chemineau et al. (1992). No difference in the fecundity of 
British Saanen goats was reported by Deveson et al. (1992) however, in a 
naturally twinning herd, the number studied was comparatively small. 
Exogenous melatonin suppressed plasma prolactin concentrations in the 
treatment groups as discussed previously in relation to the control of 
seasonal coat growth patterns. Following the suppression of prolactin by 
bromocriptine in the second year, the lack of advance in the breeding season 
confirms previous reports that prolactin is not implicated in the seasonal 
pattern of gonadal activity. Despite maintained prolactin suppression in the 
ram with continuous short days, regression of the testis was not inhibited or 
delayed (Almeida & Lincoln, 1984). Further work in the ram and the ewe 
dissociated the circannual variation in prolactin secretion from a role in the 
control of seasonal reproductive activity (Lincoln, 1989; 1990; Jackson & 
Janson, 1991; for review see Curlewis, 1992). 
In seasonal breeders, the endogenous rhythm of reproduction is 
controlled by photoperiodic changes perceived through the diurnal pattern of 
melatonin secretion. The action of melatonin as a neuroendocrine modulator 
in the brain, controlling the hypothalamo-pituitary-gonadal axis, is not fully 
elucidated. Melatonin acts to regulate LH pulsatility (Bittman et al., 1985), 
through modification of GnRH release, although the location of the 
hypothalamic pulse generator is unclear. It is proposed that the generator 
resides in the medial basal hypothalamus with projections into the median 
eminence. Sites of melatonin binding have been established in the pars 
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tuberalis, paraventricular nuclei and the suprachiasmatic nuclei, although 
species variations are evident (Bittman & Weaver, 1990; for reviews see Morgan 
& Williams, 1989; Stankov et al., 1991). 
In an attempt to locate the site of melatonin action in the hypothalamo-
pituitary axis, micro-implants of melatonin have been placed in different 
locations in the ovine brain. Lincoln & Maeda (1992a) and Malpaux et al. 
(1992) observed that continuous infusion of melatonin into the region of the 
medial basal hypothalamus induced expected short-day physiological responses. 
Melatonin binding sites have not been identified in the medial basal 
hypothalamus, however this region is adjacent to the pars tuberalis. 
Melatonin implants into the anterior hypothalamus or the preoptic area did not 
result in activation of the reproductive axis and a direct action of melatonin 
in these regions of the brain has been excluded (Lincoln & Maeda, 1992a; 
Malpaux et al., 1992). 
A number of hypothesis have been proposed to determine the control 
mechanism of melatonin on the pulsatility of GnRH release. Morgan (1991) 
postulated that melatonin acts on the cells of the pars tuberalis to release 
a factor which mediates its effect on GnRH pulsatility. Dependant on the size 
of the factor and thus its ability to cross the blood-brain barrier, the 
effect on the anterior hypothalamus or preoptic area containing the perikarya 
of the GnRH system is either direct or indirect. To support this hypothesis, 
Morgan et al. (1992; 1993) demonstrated that melatonin regulates the synthesis 
and secretion of proteins from the ovine pars tuberalis with no concomitant 
effect on pars distalis cells. From an in vitro study of rat median eminence-
pars tuberalis tissue, Nakazawa (1991) proposed a short-loop feedback 
mechanism with suppression of the release of GnRH from terminals in the median 
eminence by LH released from the pars tuberalis gonadotrophs. Melatonin is 
postulated to act on pars tuberalis receptors to inhibit LH release from the 
gonadotropes, thus stimulating the release of GnRH from the terminals in the 
median eminence (Nakazawa et al., 1991). 
Involvement of the endogenous opioid peptides in the control of LH 
secretion has also been hypothesised. The medial basal hypothalamus and 
preoptic area possess neurones containing pro-opiomelanocortin peptides. In 
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the peripheral circulation, the opioid peptide ~-endorphin shows a marked 
seasonal change with concentrations high in the autumn and winter (Ebling & 
Lincoln, 1987). Melatonin has been demonstrated to influence endogenous 
opioid peptides in the medial basal hypothalamus, which in turn modulate the 
release of GnRH (Hastings et al., 1985 and Lincoln & Ssewannyana, 1989). It 
is now well established that melatonin plays a role in the photoperiodic 
control of reproduction, but the location and mechanism of melatonin action 
to influence the hypothalamic-pituitary-gonadal axis has not been established. 
To summarise the results from the present study, ovarian activity was 
advanced only under the long-day and melatonin treatment and not following 
bromocriptine treatment. This confirms that advance of the breeding season 
is controlled though changes in circulating melatonin independent of 
prolactin. With the long-day and melatonin treatment staggered over the year, 
ovarian activity was induced out-of-season, without the male effect, in May, 
August and September depending on the start of treatment date and again, with 
the controls, in November. There was evidence to substantiate the hypothesis 
that the duration of short days determines the length of the breeding season. 
3.5 CONCLUDING REMARKS 
Melatonin treatment, simulating a short-day melatonin secretion profile, 
successfully advanced reproductive activity in the goat. Long-day treatment 
before the short-day melatonin signal enabled a maximum advance of ovarian 
activity to May in the absence of the male effect. With suitable timing, the 
concomitant induction of a summer coat in winter can be avoided. Commercial 
application of this treatment strategy would allow the herd to be split with 
the production of offspring and peak milk yield to be approximately 6 months 
out of phase. Long-day and bromocriptine treatment did not advance the 
breeding season, confirming that oestrous onset is controlled through changes 
in melatonin secretion independent of prolactin. 
Long-day treatment increased winter prolactin concentrations and both 
melatonin and bromocriptine delayed the spring rise in prolactin. Melatonin 
treatment disrupted coat moulting cycles observed through coat weight changes 
and the retention of a high secondary to primary follicle ratio. Prolactin 
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suppression by bromocriptine, under natural circadian melatonin secretion, 
resulted in no effect on moulting observed from changes in coat weight. 
However, a high winter secondary to primary ratio was retained. A synergistic 
action of melatonin and prolactin in the control of seasonal coat growth 
changes is proposed. Prolactin may act to synchronise follicle activity and 
determine the secondary to primary follicle ratio and thus determine the coat 
structure. Melatonin may determine the extent of retention of old guard 
fibres and the diameter of new primary fibres affecting coat thickness and 
weight. A direct or indirect effect of melatonin or prolactin at the hair 
follicle cannot be determined, but the evidence suggests that melatonin 
mediates further effects on coat development independent of the annual control 
of prolactin secretion. 
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EPPECTS OP SOLSTICE AND TEMPERATURE HOLD ON 
REPRODUCTIVE ACTIVITY, COAT GROWTH, PLASKA PROLACTIN AND MELATONIN 
4.1 INTRODUCTION 
In temperate regions, the environmental cue, photoperiod has been shown 
to be a major zeitgeber in determining the onset of reproductive activity in 
seasonal breeders. Temporal changes in the secretion of melatonin from the 
pineal gland transduce photoperiodic information, activating the reproductive 
axis. However, entrainment of reproduction and other seasonally influenced 
physiological events such as changes in body weight, feed intake and coat 
characteristics, is not due to photoperiod change alone. Other environmental 
factors such as temperature, rainfall and pheromonal stimuli are implicated 
in the temporal control of physiological changes. 
Pineal activity of poikilotherms has been shown to be influenced by both 
photoperiod and temperature (For review, see Vivien-Roels & Pevet, 1983). 
Underwood (1985) demonstrated entrainment of the circadian melatonin rhythm 
in lizards by 24h temperature cycles. In the golden hamster, low temperature 
alone was shown not to affect gonadal activity. However, the combination of 
low temperature (5°C) and short daylength (10L:14D) accelerated the rate of 
gonadal regression compared to hamsters maintained under 10L: 14D but a 
temperature of 20°C (Pevet et al., 1989). No difference in the pattern of 
melatonin secretion was observed between the two temperature-controlled groups 
suggesting that the pineal is not involved in transducing thermal information. 
The hypothalamus is the principal region of the central nervous system 
where afferent pathways from the peripheral or deep-body sensors act upon the 
efferent pathways to evoke thermoregulatory responses (Boulant, 1981; Stanier 
et al., 1984). Reported effects of temperature on reproductive activity in 
small mammals may be via the hypothalamus, but the evidence from poikilotherms 
for a role of melatonin, suggests a possible involvement of the pineal gland. 
Temperature changes may also be relayed from the mammalian pineal though the 
secretion of other pineal products. 
Experimental lowering of air temperature during the summer months has 
been shown to advance the onset of ovarian activity in the ewe (Godley et a1., 
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1966), although evidence in large mammals pertaining to the role of 
physiological temperature changes in the control of reproduction is limited. 
Thermal stress in ruminants reduces sperm quality in the male and decreases 
fertility in the female (Pelletier et ai., 1987). Temperate species imported 
into tropical environments are more susceptible to heat stress than indigenous 
species and are therefor less fertile in tropical conditions (Pelletier, et 
ai., 1987). In tropical regions where the magnitude of temperature and 
photoperiodic change is slight, breeds of sheep and goats exhibit a weak 
reproductive seasonality, where only fecundity is correlated to rainfall and 
the subsequent nutrient availability (Chemineau & Xande, 1982; Chemineau, 
1986; Pelletier et ai., 1987). 
A synergistic action of temperature and photoperiod is considered to 
mediate temporal changes in the secretion of prolactin, although the effects 
of variations in temperature are thought to be secondary to those of 
photoperiod (Pelletier, 1973; Butt1e, 1974; Ravau1t, 1976; Tucker & Wettemann, 
1976; Prandi et ai., 1988). Information on independent effects of temperature 
on coat growth is limited since the annual change in temperature is closely 
related to that of photoperiod. Morris (1961) reversed the annual temperature 
rhythm from that of day1ength and found no effect of temperature on the wool 
weight of Romney Marsh ewes over the year. However, it is thought that 
temperature and photoperiod are the environmental factors which influence the 
endocrine system to entrain hair follicle activity (Ebling & Hale, 1970). 
The aim of the present study was to look at the effects of maintained 
seasonal temperature and photoperiod conditions on the secretion of prolactin 
and melatonin and subsequent physiological effects on reproductive activity 
and coat development. 
4.2 KATBRXAL AND KBTHODS 
Five groups of non-pregnant, non-lactating British Saanen goats (n=5) 
were used for the trial. The goats were allocated to groups to obtain an even 
distribution of liveweights, age and previous reproductive history (Appendix 
2) • They were maintained under the stock husbandry routine outlined in 
Section 2.7. All goats were housed indoors (Section 2.7.6) under either 
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natural or controlled conditions of maintained summer or winter solstice and 
temperature environments. The timing of treatments for each group were as 
follows: 
July 1991-June 1992 
Controls: Natural temperature and photoperiod 
July 1991-December 1991 
Group 1: Natural temperature and long days of 16h light to 8h dark, 
lights on at 0600h (16L:8D). 
Group 2: Temperature of 17°C and long days, 16L:8D. 
December 1991-June 1992 
Group 3: Natural temperature and short days of 8h light to 16h dark, 
lights on at 0700 (8L:16D).* 
Group 4: Temperature of 5.5°C and short days, 8L:16D. 
(* As a result of problems with the light control of Group 3, the data for 
this group will not be reported). 
Blood samples were taken weekly by venepuncture (Sections 2.1.1 & 2.1.2) for 
assessment of plasma prolactin by RIA and plasma progesterone by ELISA 
(Sections 2.2 & 2.4). Coat growth was measured by taking a 10x10cm template 
clipping from over the rib cage of the goats at 8 week intervals, alternating 
the side of the goat sampled (Section 2.5). The coat samples were weighed. 
Skin biopsies were taken every 4 weeks and fixed in Bouin' s fluid for 
histological processing and staining (Sections 2.5 & 2.6). Hair follicle 
morphology was assessed from the primary follicle stage of activity and the 
secondary to primary follicle ratio. The stage of primary follicle activity 
was scored as follows: 1=Anagen (active), 2=Catagen (transitional), 3=Telogen 
(resting). To determine the secondary to primary follicle ratio (SIP), the 
number of secondary follicles to a trio of primary follicles, horizontally 
sectioned at the level of the sebaceous gland, were counted. One primary trio 
per goat in each group was assessed (n=5). 
Blood samples were taken over 24 hours in December 1991 and May 1992. 
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Sampling, during the hours of darkness, was achieved with the aid of a dim red 
light. Sml blood samples were taken by venepuncture. The goats could not be 
cannulated for repeated blood sampling as they were group housed in the 
controlled environment rooms. The plasma was harvested for assessment of 
melatonin and prolactin concentrations by RIA (Sections 2.1, 2.2 & 2.3). 
Statistical analyses were carried out using the statistical package, 
Multistat, on an Apple Mackintosh. Prolactin concentrations from the weekly 
samples of each goat in a group were blocked into four weekly units (n=20) and 
treatment groups compared to the controls applying one-way analysis of 
variance. To determine the timing of the nocturnal rise and fall in prolactin 
and melatonin from the 24 hour profiles, hormone concentrations at each 
sampling time were tested against respective group daylight baseline using the 
unpaired Student's t-test. For the onset and cessation of ovarian activity, 
a fixed time point was defined (9/7/91). The number of days taken for 
progesterone to increase above, or decrease below, Ing/ml of plasma for the 
onset and offset of ovarian activity was calculated for each goat. The 
unpaired Student's t-test was applied. Coat weight and SIP ratio differences 
were tested where necessary using the unpaired Student t-test. Follicle 
scores were tested using a non-parametric test, the Mann-Whitney U test. 
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Figure 4.1.1 Temperatures experienced by control and experimental goats. 
Controls: natural temperature and photoperiod; 
Group 1: natural temperature, maintained summer photoperiod (16L:8D); 
Group 2: maintained summer temperature and photoperiod (17°C, 16L:8D); 
Group 4: maintained winter temperature and photoperiod (8°C, 8L:16D). 
Temperature values are weekly means of daily minimum and maximum recordings, 
n=14, mean~S.E.M. 
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4.3 RESULTS 
4.3.1 Circannual Prolactin Secretion 
The temperature control facility enabled the selected summer temperature 
of 17°C to be maintained (17.7°C_+O.14, Group 2 F' 4 1 1) , 1.g •• • The cooling unit 
did not work as efficiently and was unable to maintain the selected winter 
temperature of S. SOC (See section 2.7.2 for temperature control). A mean 
temperature of 8.4°C±O.4 was achieved (Group 4). For the control goats, the 
extremes in weekly temperature of a summer maximum of 22°C+O. 7 (Week 1, 
9/7/91) and a winter nadir of SoC±O.S (Week 29, 21/1/92) were experienced. 
Expected seasonal plasma prolactin concentrations were obtained in the 
control goats with concentrations high in the summer when temperature and 
photoperiod were maximal and low in the winter when temperature and 
photoperiod were minimal (Fig 4.1.2; 228±78ng/ml, Week 3, 23/7/91; O.91±O.4 
ng/ml, Week 24, 17/12/91). Despite the maintained summer photoperiod of 16 
hours light to 8 hours dark (16L:8D), Group 1 plasma prolactin declined with 
the temperature, parallel, but slightly delayed in comparison to the control 
goats (Fig 4.1.2). From August (Week 8, 27/8/91), Group 1 prolactin remained 
significantly elevated above the controls (p<O.001), and control winter basal 
concentrations were not attained (Fig 4.1.2 & Fig 4.1.4). 
The summer temperature and photoperiod control of the Group 2 goats 
inhibited the seasonal variation in prolactin secretion. Prolactin 
concentrations remained constant and significantly different from the control 
goats, however at an average temperature of 17°C, expected maximum summer 
values were not attained (Fig 4.1.3 & Fig 4.1.4). Despite the relatively poor 
winter temperature control, Group 4 treatment inhibited the spring rise in 
prolactin with concentrations significantly lower, compared to the controls, 
from February (Week 32, 11/2/92, Fig 4.1.3, p<O.OOl). Prolactin secretion 
showed a positive correlation with temperature in the control goats and Group 
1 maintained in natural temperature but summer photoperiod hold (Fig 4.1.4, 
Controls & Group 1, correlation coefficient p<O.OOl). The plasma prolactin 
concentrations of Group 2 and Group 4 fell on the curve fitted through the 
control data points. 
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Pigure 4.1.2 Prolact in secret ion from July-December under natural and 
controlled photoperiod. 
Controls: natural temperature and photoperiod; 
Group 1: natural temperature and summer photoperiod hold (16L:8D). 
Photoperiod conditions from July-December are represented at the top of each 
graph. Plasma prolactin values are group means from weekly blood samples, 
n=5, mean~S.E.M. Temperature values are weekly means of daily minimum and 
maximum temperature recordings, n=14, mean~S.E.M. 
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Pigure 4.1.3 Annual prolactin secretion under natural and controlled 
temperature and photoperiod conditions. 
Controls: natural temperature and photoperiod, Jul-Juni 
Group 2: summer temperature and photoperiod hold, Jul-Dec (17°C, 16L:8D)i 
Group 4: winter temperature and photoperiod hold, Dec-Jun (8°C, 8L:16D). 
Photoperiod conditions are represented at the top of each graph. Plasma 
prolactin values are group means from weekly blood samples, n=5, mean~S.E.M. 
Temperature values are weekly means of daily minimum and maximum temperature 
recordings, n=14, mean~S.E.M. 
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Figure '.1.' Fitted curves relating measurements of plasma prolactin with 
environmental temperature. 
Controls: natural temperature and photoperiod; 
Group 1: natural temperature and summer photoperiod hold, Jul-Dec (16L:8D); 
Group 2: summer temperature and photoperiod hold, Jul-Dec (17°C, 16L:8D); 
Group 4: winter temperature and photoperiod hold, Dec-Jun (8°C, 8L:16D). 
Temperature values are weekly means of daily minimum and maximum temperature 
recordings, n=14, mean+S.E.M. r=correlation coefficient of the fitted curve, 
p<O. 001 ***. The curves on the lower two graphs are fitted through the control 
data points. 
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4.3.2 Circadian Melatonin and Prolactin Secretion 
The nocturnal rise in melatonin corresponded to the natural or imposed 
short- and long-day photoperiod. Fig 4.1.5 shows the duration of melatonin 
secretion of the controls sampled in natural short days in December and for 
Groups 1 & 2 maintained under long days. No significant effect of maintained 
summer (Group 2) or winter (Group 4) temperatures on melatonin secretion was 
observed. Prolactin secretion increased at the natural or imposed dusk and 
dawn (Fig 4.1.5). The basal prolactin secretion of Groups 1 and 2 was 
significantly elevated above the controls due to the effect of maintained 
summer photoperiod conditions (p<O.001). Nevertheless, taking the peaks as 
a percentage of the day time base line, both prolactin surges of the control 
group were seven fold greater than the peaks observed under the two treatment 
groups (Fig 4.1.5). 
Table 4.1.1 and Figs 4.1.6 & 4.1.7 illustrate the close correlation of 
the timing of nocturnal melatonin secretion with the onset of the dusk peak 
and decline of the dawn peak in prolactin. In control goats in December, both 
melatonin and prolactin increased between 1600h and 1700h. In the treatment 
groups, maintained under summer photoperiod hold conditions, the nocturnal 
rise in melatonin and prolactin commenced between 2200h and 2300h. At the end 
of May, both melatonin and prolactin increased at 2100h in controls while in 
Group 4, maintained on short days, melatonin and prolactin increased at 1600h. 
The dawn falls in melatonin and prolactin were also synchronised (Table 4.1.1, 
Fig 4.1.6 & 4.1.7). 
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Figure 4.1.5 24h plasma melatonin and prolactin profiles (mean~S.E.M., n=5) 
under natural or controlled temperature and photoperiod conditions. 
Controls: natural temperature and photoperiod, Jul-Dec; 
Group 1: natural temperature and summer photoperiod hold, Jul-Dec (16L:8D); 
Group 2: summer temperature and photoperiod hold, Jul-Dec (17°C, 16L:8D); 
Solid bars represent the hours of darkness; sampling in December. 
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Figure 4.1.6 Relationship between the duration of nocturnal melatonin 
secretion and the timing of dusk and dawn peaks in prolactin. 
Controls: natural temperature and photoperiod, Jul-Dec; 
Group 1: natural temperature and summer photoperiod hold, Jul-Dec (16L:8D); 
Group 2: summer temperature and photoperiod hold, Jul-Dec (17°C, 16L:8D); 
Sampling in December, solid bars represent the hours of natural or imposed 
darkness. n=5, mean±S.E.M. 
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Figure 4.1.7 24h plasma melatonin and prolactin profiles (mean~S.E.M., n=5) 
under natural or controlled temperature and photoperiod conditions. 
Controls: natural temperature and photoperiod, Dec-Jun; 
Group 4: winter temperature and photoperiod hold, Dec-Jun (8°C, 8L:16D). 
Solid bars represent the hours of darkness; sampling in May. 
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I I 
24h Sampling December 24h Sampling May 
Time of Time of Time of Time of 
Increase Decrease Increase Decrease 
Controls Melatonin 1600 0800 2100 0600 
Controls Prolactin 1700 0900 2100 0600 
Group 1 Melatonin 2300 0800 
I I I Group 1 Prolactin 2300 0700 
Group 2 Melatonin 2200 0700 
I I I Group 2 Prolactin 2300 0800 
Group 4 Melatonin 
I I I 
1600 0700 
Group 4 Prolactin 1600 0700 
Table 4.1.1 Relationship between the timing of the rise and fall in nocturnal 
melatonin secretion and the timing of the dusk and dawn peaks in prolactin 
secretion. See text for details. 
Controls: natural temperature and photoperiod; 
Group 1: natural temperature and summer photoperiod hold, Jul-Dec (16L:8D); 
Group 2: summer temperature and photoperiod hold, Jul-Dec (17°C, l6L:8D); 
Group 4: winter temperature and photoperiod hold, Dec-Jun (8°C, 8L:16D). 
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4.3.3 Oestrous and Anoestrous Onset 
The control goats began cycling in September (22/l0/9l~l6 days) and 
ceased cycling in the following spring in March (lO/3/92~lO days). The Group 
1 treatment of maintained summer photoperiod hold did not affect the timing 
of ovarian activity (22/10/9l~8 days, NS), while the Group 2 treatment of 
summer temperature and photoperiod hold tended to delay the onset of oestrous 
(12/11/91~8 days, NS). Likewise, the maintained winter temperature and 
photoperiod conditions of Group 4 tended to delay the cessation of ovarian 
activity in comparison to the controls but the differences were not 
significant (Controls: lO/3/92~lO days; Group 4: 21/4/92i16.l days). 
4.3.4 Coat Development 
From the weight of the coat samples, a significant treatment effect was 
observed only in Group 2 (summer photoperiod and temperature hold), which had 
a significantly lower coat weight in December compared to the controls (Fig 
4.1.8, Control 3.5iO.2g; Group 2 2.8~O.lg; 17/12/91, p<O.Ol). Treatment 
effects were evident from the more detailed study of the follicle morphology. 
The secondary to primary ratio (S/P ratio) of the controls remained high 
through the autumn, winter and spring, declining rapidly in the summer (Fig 
4.1.8). Goats kept on long days and natural temperature (Group 1) generally 
had a low SIP ratio compared with the controls with significant differences 
in September (Weeks 13 & 17). However, at the end of sampling in December the 
SIP ratio of Group 1 was not significantly different from the controls. When 
both summer photoperiod and temperature were maintained, Group 2 goats showed 
a SIP ratio normally associated with the summer in December (Fig 4.1.8, 
Controls: 3.8/1iO. 3 ; Group 2 1.8/1iO.4, 17/12/91, p<O.001). Under maintained 
winter photoperiod and temperature (Group 4), attainment of a summer SIP ratio 
was inhibited (Fig 4.1.8, Controls: 1.8/1iO. 3 ; Group 4: 3.9/1±O.3,2/6/92, 
p<O.Ol). Primary follicle activity showed no synchronous fall in Groups 1 , 
2 and was erratic in Group 4 (Fig 4.1.8). 
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Pigure 4.1.8 Effect of temperature and photoperiod on coat development. 
a) Coat weight. b) Secondary to primary follicle ratio. c) Percentage of 
primary follicles active. See text for details. n=5, mean~S.E.M.; *p<O.05, 
**p<O.Ol compared to the control goats. 
Controls: natural temperature and photoperiod, Jul-Jun; 
Group 1: natural temperature and summer photoperiod hold, Jul-Dec (16L:8D); 
Group 2: summer temperature and photoperiod hold, Jul-Dec (17°C, 16L:8D); 
Group 4: winter temperature and photoperiod hold, Dec-Jun (8°C, 8L:16D). 
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Pigure 4.1.9 Feed intake and liveweight of control goats. Feed intake values 
are weekly means of daily group recordings, n=7, mean~S.E.M. The liveweight 
of each goat was recorded weekly, n=5, mean~S.E.M. 
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4.3.5 Feed Intake and Liveweight 
The treatments did not significantly affect liveweights or feed intake 
(Fig 4.1.9). Allowing a maintenance concentrate ration of O.5kg/goat/day (14% 
protein), the control goats consumed over the year an average of 1.1iO. 02kg 
(O.94kg DM) /head/day. Liveweight over the year for the controls averaged 
56.3.±.O . 2kg. 
4.4 DISCUSSION 
The present study confirmed a seasonal variation in prolactin secretion 
which has been previously shown in ungulates (Pelletier, 1973; Buttle, 1974; 
Ravault, 1976). In the control goats, prolactin concentrations were high in 
the sununer when temperature and daylength were maximal and conversely 
prolactin secretion was low in the winter corresponding to minimal 
temperatures and daylength. Under conditions of maintained sununer photoperiod 
but natural declining temperature from sununer to winter, prolactin declined 
in parallel with, but slightly later than the controls. After week 13 
prolactin was higher in Group 1 than in controls. This difference can be 
attributed to the effects of photoperiod (see also Chapter 5). With sununer 
photoperiod and temperature hold, prolactin secretion remained relatively 
constant but at a lower concentration than observed in mid-sununer. This 
suggests that the selected average temperature of 17°C was too low to 
stimulate maximum prolactin secretion. Winter solstice and temperature hold 
inhibited the seasonal spring rise in prolactin. 
Annual prolactin secretion is influenced by photoperiodic changes 
mediated through the pattern of nocturnal melatonin secretion (Lincoln et al., 
1978; Lincoln, 1979; Symons et al., 1983; Almeida & Lincoln, 1984; Mori at al, 
1985). Karsch et a1. (1989) maintained ewes on a photoperiod of 8L:16D for 
5 years and observed the maintenance of a circannual rhythm in prolactin 
secretion. However, ambient temperature was not controlled. Tucker and 
Wettemann (1976), maintaining heifers on a lighting regime of 12L:12D, 
demonstrated a direct effect of temperature on prolactin secretion and 
exposure of ewes and pigs to high ambient temperatures increased plasma 
prolactin compared to control animals (Schillo et a1., 1978; Dauncay " Buttle, 
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1992). Previous studies in goats indicate a role of temperature in mediating 
seasonal variations of prolactin secretion, however experimental designs have 
not enabled dissociation from the effects of photoperiod (Mori et al., 1985; 
Prandi et al., 1988). The role of temperature was concluded to be secondary 
to that of photoperiod; the former mediating rapid fluctuations and the 
latter, long term seasonal changes. 
A positive correlation of temperature and prolactin secretion was 
established in the present study. Below 15°C, the effect of the summer 
photoperiod conditions of Group 1 was evident from the fitted curve in 
comparison to the controls. Due to the requirement of the photoperiod control 
room to be light proof, the maximum temperatures perceived by Group 1 through 
the summer were slightly higher than the controls, (fitted curve shifted to 
the left) but maximum summer prolactin concentrations were not significantly 
different. Thus despite the maintained summer photoperiod, under natural 
temperature conditions, Group 1 prolactin secretion showed the seasonal range 
observed in the controls. Under maintained photoperiod and temperature 
conditions, (Group 2: 16L:8D, 17°C; Group 4: 8L:16D, 8°C), prolactin 
concentrations fell on the fitted curve of the controls but the seasonal 
variation was restricted. An effect of temperature on prolactin secretion can 
be confirmed from the present study, however, the relative importance of 
photoperiod or temperature cannot be concluded from the present data. A group 
maintained under a naturally decreasing photoperiod, but maintained summer 
temperature to compare with the controls and Group 2 is necessary to establish 
the relative importance. 
Jackson & Janson (1991) maintained ewes on an equatorial photoperiod of 
12L:12D and a constant temperature of 20°C for 3 years. A circannual rhythm 
in prolactin secretion was observed which was asynchronous and of lower 
amplitude than the control group which experienced natural extremes of both 
temperature and photoperiod. Since a significant correlation between 
temperature and prolactin secretion was established, yet a 3S4-day periodicity 
persisted, the existence of an endogenous prolactin rhythm was postulated. 
In the present study, the temperature and photoperiod hold treatments of Group 
2 (summer hold) and Group 4 (winter hold) inhibited the annual variation in 
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Prolactin secretion, however there t d f was a en ency or concentrations to 
decline and increase respectively towards the end of the 6 month treatment 
period. This suggests the existence of an underlying endogenous rhythm in 
prolactin secretion. 
The 24 hour plasma prolactin profiles confirmed the existence of dusk 
and dawn peaks in secretion (Ravault & Ortavant, 1977; Lincoln et al., 1978; 
Mori et al., 1985). In the present study the onset of the dusk peaks and 
offset of the dawn peaks corresponded with the nocturnal pattern of melatonin 
secretion under both long and short days. This suggests that the distance 
between the nocturnal prolactin peaks is influenced by the duration of 
melatonin secretion. After short-day and melatonin treatment, Poulton et al. 
(1987b) reported re-entrainment of a circadian pattern of prolactin secretion 
to the melatonin profile. Contrary to this, Foldes et al. (1991b) reported 
a dissociation of the circadian rhythm in melatonin and prolactin, with 24 
hour sampling performed at the end of 24 months continuous short-day exposure. 
Pinealectomy of ovines was found not to abolish the dusk peak in prolactin 
secretion (Brown & Forbes, 1980) and cranial sympathectomy of rams was found 
not to abolish the surges in prolactin secretion, but the rhythm became 
monophasic and asynchronous from the control animals (Lincoln, 1979). 
Kennaway et al. (1983) concluded that in ewes, prolactin surges were 
synchronised by environmental factors other than photoperiod such as feeding. 
In the present study the feeding times were kept constant (0800h and 1400h) 
irrespecti ve of the natural or imposed photoperiodic conditions. Entrainment 
of the timing of the dusk and dawn prolactin peaks by the duration of 
melatonin secretion is postulated. 
Over 24 hours, the duration of melatonin secretion corresponded to the 
imposed or natural photoperiod. The differences in ambient temperature did 
not affect the secretion of melatonin in the goat. An influence of 
temperature on the secretion profile of melatonin in other ungulates has not 
been established (B. Malpaux, pers. corom.). In poikilotherm vertebrates such 
as the tortoise and the lizard, the temperature variations within 24 hours 
influenced pineal or blood plasma melatonin rhythms (Vivien-Roels & Arendt, 
1981; Vivien-Roels & Pevet, 1983; Underwood, 1985; Firth et a1., 1991). With 
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a phase reversal in the circadian temperature and photoperiod, the melatonin 
secretion profile appeared to be mediated primarily by temperature (Underwood, 
1985) . In mammals, Pevet et al. (1989) reported a synergistic effect of 
temperature and photoperiod on the reproductive response. Short photoperiod 
was found to induce gonadal atrophy in the golden hamster; a response which 
was accelerated in low temperature conditions (SOC, Pev ttl e ea., 1989) . 
Contrary to reports in lower vertebrates, temperature did not modify the 
pattern of melatonin secretion. In the present study no difference was 
observed in the melatonin profile but interestingly, although not 
significant, Group 2 (summer hold) and Group 4 (winter hold) showed a delayed 
oestrous and anoestrous onset respectively. 
Environmental information from peripheral thermoreceptors reaches the 
hypothalamus via the lateral spinothalamic tracts and the thalamus (Boulant, 
1981). The observed temperature effects on the mammalian reproductive system 
(Pevet et al., 1989; Steinlechner et al., 1991) may be due to a direct effect 
of the sensory information at the hypothalamus. However the evidence from the 
work of lower vertebrates suggests an involvement of the pineal gland. 
Serotonin and the serotonergic neurones of the anterior hypothalamic preoptic 
area are implicated in the control of body temperature and seasonal variations 
in both serotonin and melatonin have been observed in poikilotherms in 
response to temperature changes (Vivien-Roels & Pevet, 1983). Although never 
shown in higher vertebrates, temperature changes perceived may influence the 
secretion of other pineal S-methoxyindoles. Thus, the reproductive responses 
reported in mammals to thermoperiodic changes may be mediated by a pineal 
substance other than melatonin. 
Pinealectomy or superior cervical ganglionectomy of rams was found not 
to abolish long-term synchronised cycles in pituitary and testicular activity 
(Lincoln et al., 1989). With no functional pineal, thus unable to respond to 
photoperiodic cues, the annual cycles in reproductive activity and prolactin 
secretion were thought to be controlled by other seasonal environmental cues 
such as temperature, nutrition and social factors. In ewes maintained in 
constant short-day photoperiod conditions for a period of five years, LH 
cycles persisted but became de-synchronised both within treatment groups and 
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from the controls maintained under natural photoperiodic condition. The 
existence of an endogenous reproductive rhythm was concluded (Karsch et al., 
1989). In the present study, the onset of reproductive activity of Group 1, 
maintained under summer photoperiod conditions but natural temperature, 
occurred with the controls. This is consistent with the existence of an 
endogenous rhythm (Karsch et al., 1989) with the onset of ovarian activity due 
to refractoriness of inhibitory long days (Robinson et al., 1985). Malpaux 
et al. (1989) established that the time of increasing photoperiod in the 
spring governs the onset of reproductive activity, id est, sets the endogenous 
reproductive clock. All groups in the present study perceived the natural 
increase in daylength from spring to summer, thus according to the hypothesis 
of Malpaux et al. (1989) the timing of reproductive onset was determined 
before the summer photoperiod hold treatment commenced. The present study was 
not maintained for long enough to confirm this hypothesis. 
Malpaux et al. (1988a; 1989) hypothesised that the timing of anoestrous 
onset is also determined by previous photoperiodic history, entraining an 
endogenous rhythm. It is suggested that the breeding season is sustained 
(anoestrous onset is determined) by the duration of decreasing photoperiod 
before the winter solstice (Malpaux & Karsch, 1990). In the present study, 
Group 4 perceived the natural declining photoperiod in the autumn before being 
maintained on a winter photoperiod from the winter solstice (Malpaux & Karsch, 
1990) . 
Studies assessing the environmental factor, photoperiod, in the control 
of seasonal breeding, rarely take into consideration the possible interaction 
of temperature. Jackson et al., (1990) maintained ewes under a 12L:12D 
photoperiod and temperature of 20°C from February for a period of 3 years. 
In the first year of the trial, after perceiving an increase in daylength from 
the winter solstice, onset of ovarian activity was at a similar time to the 
controls, but sightly delayed (Jackson et al., 1990). Thereafter ovarian 
activity was asynchronous from the controls and from individuals in the group. 
Thus as with the present study, previous photoperiodic history entrained the 
endogenous rhythm for the induction of ovarian activity. The present study 
was not maintained for long enough to substantiate the evidence of Jackson et 
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al. (1990) that the combination of constant photoperiod and temperature 
conditions thereafter resulted in a loss of seasonality. However, as well as 
the constant temperature conditions, the selection of the 12L:12D photoperiod 
cannot be precluded as a possible factor resulting in the variation of ovarian 
cyclicity (Jackson et al., 1990). 12 hours of light may not have been short 
enough to induce photorefractoriness. Ovines maintained in constant 
photoperiods of 8L:16D or 16L:8D exhibited circannual rhythms in reproductive 
activity but ambient temperature conditions prevailed (Almeida & Lincoln, 
1984; Karsch et al., 1989). Chemineau et al. (1992b) maintained a temperate 
breed, the Alpine goat, under an equatorial photoperiod ranging from 11 to 13 
hours light and ambient temperature. Compared to goats maintained under a 
temperate photoperiod ranging from 8 to 16 hours light, timing of ovarian 
activity was not modified. It was concluded that perception of a large 
variation in the photoperiod was not necessary to synchronise reproductive 
activity in a temperate caprine species, however the influence of temperature 
again could not be precluded in the study (Chernineau et al., 1992b). 
In the present study and the work of Jackson et al. (1990), the effect 
of maintained temperature conditions resulted in a slight delay in the onset 
of oestrous and anoestrous. It is suggested that temperature plays a minor 
role in the determination of the breeding season; changes in photoperiod the 
previous autumn sets the underlying endogenous rhythm, while temperature is 
a fine tuning mechanism, at the time of oestrous and anoestrous onset. 
The control goats showed the expected increase in both coat weight and 
the ratio of secondary to primary follicles (SIP) from summer to winter with 
a corresponding decline from winter to summer. Group 1, maintained in a 
summer photoperiod but natural temperature, expressed an annual variation in 
prolactin secretion. No effect on coat weight was observed, and although 
attainment of a winter SIP ratio was delayed, at the end of the sampling, 
Group 1 coat parameters were not significantly different from the controls. 
A significant treatment effect on coat weight <an advanced decline in weight) 
was only observed in the Group 2 goats (summer photoperiod and temperature 
hold). However from a more detailed study of the follicle morphology, the 
treatments resulted in a summer secondary to primary follicle ratio (SIP) 
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retained out of season in Group 2 and a winter SIP ratio retained out of 
season in Group 4 (winter photoperiod and temperature hold). The expression 
of an annual variation in prolactin secretion was inhibited in Group 2 & 4 
goats. 
The possible role of the circadian pattern of prolactin secretion on 
coat development (Chapter 3) was eliminated in this study. Over 24 hours the 
distance between the dusk and dawn peaks in the circadian prolactin secretion 
profiles of Group 1 and 2 were different from controls, but not from each 
other. The pattern of melatonin secretion was not affected by temperature and 
with both Groups 1 & 2 maintained under the same long-day treatment, melatonin 
profiles were similar. Thus, the attainment of a summer coat structure by 
Group 2 was not as a result of differences in the secretion of melatonin. 
Likewise, the melatonin profile of Group 1 was significantly different from 
the controls, yet no difference in coat structure or weight was observed at 
the end of the trial. Ibraheem et a1. (1992) reported in abstract form, 
inhibition of cashmere hair growth following the addition of melatonin to the 
media of in vitro cultured secondary hair follicles. However, the data was 
not convincing and has not been published in full. 
The lack of response to the maintained long-day photoperiod of Group 1 
cannot exclude a role for melatonin in coat moulting, in view of the 
phenomenon of melatonin refractoriness which has been reported extensively in 
relation to reproduction (Robinson & Karsch, 1984; Robinson et a1., 1985a; 
Malpaux et a1., 1988b; 1988c). Despite the secretion of melatonin 
corresponding to the imposed photoperiod in the present study, possible 
sequential steps mediated downstream of the pineal may have become 
unresponsive to the constant short- or long-day melatonin secretory pattern. 
The delay reported for a winter SIP ratio to be obtained in Group 1 may have 
resulted from the long-day photoperiodic treatment before refractoriness to 
melatonin occurred. 
Evidence exists for an endogenous rhythm in coat development, which is 
entrained by environmental parameters of temperature and photoperiod and the 
subsequent influence on the endocrine system (Martinet et a1., 1990). In the 
present study, control of environmental parameters delayed or advanced the 
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expression of seasonal coat development patterns, although their was a lag in 
the treatment effect. The time taken for morphological changes in hair 
follicles to occur and the relative duration of anagen, catagen or telogen in 
response to endocrine signals has not been determined. In retrospect, 
sampling continued for a minimum of one year may have enabled the expression 
of treatment on coat weJ.'ghts. Rete t' f ' n J.on 0 a wJ.nter coat weight as well as 
a winter coat structure would be consistent with the results reported 
previously in Chapter 3. It is suggested that both temperature and 
photoperiod, through their action on prolactin, determine the number of 
secondary follicles to primaries, thus coat density. Existence of an 
endogenous rhythm in coat moulting is supported but cannot be confirmed from 
the results reported here or in the previous chapter. 
In the present study, growth of the winter coat occurred under a long-
day (summer) pattern of melatonin secretion. Treatment effects resulted in 
secondary to primary ratios induced out-of-season in Groups 2 & 4 which 
resulted from the combined effects of temperature and photoperiod. A role of 
prolactin in coat development, acting on the secondary follicles, is 
suggested. 
4.5 CONCLUDING REHARKS 
The control goats showed the expected annual variation in prolactin 
secretion. Despite maintained summer photoperiod conditions from July, 
prolactin concentrations declined with temperature. The full winter nadir 
observed with the controls was not attained. This was attributed to the 
effect of maintained summer photoperiod conditions. Under maintained 
conditions of both summer photoperiod and temperature, the annual variation 
in prolactin from summer to winter was inhibited. However in retrospect, the 
selected temperature of l7°C was thought to be insufficient, since expected 
extremes in prolactin secretion were not attained. The winter photoperiod and 
temperature conditions maintained from December successfully inhibited the 
seasonal spring prolactin rise. The evidence suggests that temperature acts 
synergistically with daylength in the control of seasonal changes in prolactin 
secretion in the goat. 
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The duration of melatonin secretion corresponded to the imposed or 
natural photoperiod conditions, but there was no effect of ambient 
temperature. Dawn and dusk peaks in prolactin secretion were observed in the 
circadian secretion profiles. The timing of the peaks in prolactin secretion 
corresponded closely with the duration of melatonin secretion. From the 
present study, it cannot be ascertained as to whether melatonin (or another 
indoleamine) induces the peaks in prolactin secretion. 
Treatment conditions did not affect the timing of ovarian activity, 
although there was a tendency for oestrous onset to be delayed when both 
summer photoperiod and temperature were maintained and conversely, anoestrous 
was delayed when winter temperature and photoperiod conditions were 
maintained. It is suggested that temperature variations influence a fine 
tuning mechanism in the timing of reproductive activity. 
The control of both temperature and photoperiod was found to mediate 
effects on the coat structure. Maintained summer temperature and photoperiod 
conditions resulted in the induction of a characteristic summer coat structure 
out-of-season in December. Controlled winter temperature and photoperiod 
maintained a winter secondary to primary follicle ratio through to the summer. 
Environmental control may be mediated through temporal changes in prolactin 
secretion. Dissociation of melatonin and prolactin in the control of seasonal 
coat growth patterns was not possible from the results obtained in the present 
study. 
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PHOTOPERIOD AND MELATONIN INFLUENCE THE PLASMA PROLACTIN RESPONSB 
TO ARGININE VASOPRESSIN, SBROTONIN AND THYROTROPIN RELEASING HORHONE 
5.1 INTRODOCTION 
In seasonal breeders, such as sheep and goats, plasma prolactin 
secretion shows a well defined circannual rhythm (Buttle, 1974; Ravault, 
1976) . Photoperiod is implicated in the control of seasonal changes in 
prolactin concentration, with high and low levels concomitant with long and 
short day-lengths respectively (Pelletier, 1973; Ravault & Ortavant, 1977; 
Lincoln et al., 1978; Mori et al., 1985). Exogenous melatonin has been shown 
to suppress plasma prolactin levels in the ewe (Symons et al., 1983) and the 
endogenous pattern of nocturnal melatonin secretion contributes to the control 
of the seasonal changes in plasma prolactin. The mechanism mediating the 
suppressive action of melatonin on prolactin secretion from the anterior 
pituitary remains unresolved. 
Prolactin secretion from the anterior pituitary is under tonic 
hypothalamic inhibition with the catecholamine, dopamine, identified as the 
main physiological inhibiting factor. A number of peptides are implicated in 
the control of prolactin secretion both in vivo and in vitro, but a 
physiological releasing factor has yet to be identified (for reviews see Ben-
Jonathan, 1980; Ben-Jonathan et al., 1989). 
The present study was undertaken to assess the effects of photoperiod 
and exogenous melatonin administration on basal plasma prolactin levels and 
on the stimulation response obtained through the administration of three 
prolactin secretagogues, namely, thyrotropin releasing hormone (TRH) which 
acts directly at the anterior pituitary, serotonin (5-HT) and arginine 
vasopressin (AV) which act via the hypothalamus. 
Thyrotropin releasing hormone, (TRH), a hypothalamic peptide recognised 
to control the stimulation of thyroid stimulating hormone release from the 
anterior pituitary, is also thought to act directly at the pituitary gland to 
stimulate the release of prolactin (Fitzgerald & CUnningham, 1983; Thomas et 
al., 1988b). TRH is postulated as a physiological prolactin releasing factor. 
However active immunisation of ewes against TRH was found not to prevent the 
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stimulation of prolactin secretion observed during periods of oestrous and 
lactation (Fraser & MfNeilly, 1982). 
Through infusion into the portal vessel of the rat and hypothalamo-
pituitary disconnection in the ewe, the indoleamine, serotonin (S-HT), was 
shown to act at the level of the hypothalamus to elicit increased prolactin 
secretion from the pituitary (Kamberi et al., 1971; Thomas et al., 1988a; 
1988b). The stimulatory action of S-HT is consistent, (Kamberi et al., 1971; 
Lu & Meites, 1973; Advis et al., 1979), although it is as yet unknown if 
serotonergic control of prolactin secretion is through a withdrawal of 
dopaminergic inhibition or stimulation of prolactin releasing factors. In the 
ewe, Thomas et ale (1988b) demonstrated that prolactin stimulation by the 
antidiuretic hormone, arginine vasopressin (AV), requires a hypothalamo-
pituitary connection, although a physiological role in the control of 
prolactin secretion is as yet undetermined. 
Administration of the three prolactin secretagogues under different 
photoperiodic conditions may lead to a better understanding of the mechanism 
by which melatonin suppresses prolactin. 
5.2 MATERIAL AND METHODS 
A preliminary dose-response experiment of the prolactin secretagogues 
was carried out under a short-day photoperiod of 8L:16D to establish suitable 
single doses for use in the main experiments. Two main experiments were 
carried out in consecutive years. In the first year the response to the three 
secretagogues, TRH, S-HT and AV was assessed and in the second year, the 
response to further doses of TRH was studied. In the main trials the 
photoperiodic treatments were given in the order: short days, long days; long 
days+melatonin (simulated short days), allowing two weeks acclimatisation, and 
one week for the trial under each photoperiodic condition. Both the 
preliminary and main trials were carried out in winter when physiological 
prolactin concentrations are at their nadir in the goat. 
Mature, non-lactating, non-pregnant British Saanen goats raised under 
natural conditions of photoperiod and temperature were used for the trials. 
The goats were cannulated (Section 2.1.1), penned individually and maintained 
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under the animal husbandry conditions described in section 2.7.7. A lux 
intensity of 303±29 (n=12) was recorded at goats' eye level. The selected 
doses of the secretagogues used in each trial were diluted in 2ml sterile 
saline (0. 9%w/v) immediately prior to use. Administration of prolactin 
secretagogues at 1030h and sequential sampling from 0930-1430h, outlined 
below, was via indwelling jugular cannulae. 5ml blood samples were taken 
(Sections 2.1.1 & 2.1.2) for prolactin analysis by radioimmunoassay (Section 
2.2) . 
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 
Time 0930 0950 1010 1020 1030 1035 1040 1050 1100 1130 1200 1230 1330 1430 
t 
Administration of Prolactin 
Secretagogues 
In the preliminary dose response experiment, the doses tested ranged as 
follows: TRH 10, 30 & 100~gi 5-HT 2, 5 & 10mgi AV 30, 100 & 300~g. For each 
secretagogue, the selected dose for use in the main trial in the first year 
was the minimum concentration required to stimulate prolactin secretion to a 
similar magnitude for a duration of 1-2 hours under short days. The doses 
selected were as follows: 
TRH 50~g (0.0025%w/v) 
5-HT 2mg (0.1%w/v) 
AV 300~g (0.015%w/v) 
No. P-9012 
No. H-5755 
No. V-9879, Sigma Chemical Co. 
Treatment administration for the three main experiments undertaken in the 
first year was carried out in a two 3x3 cross-over Latin square design as 
outlined below. A recovery day was allocated between administration of each 
prolactin secretagogue to the goats, with basal plasma prolactin levels 
measured. The goats were maintained in 8L: 160 from the 13/11/89. Thereafter, 
two weeks entrainment to the imposed photoperiod or melatonin treatment was 
allocated between each experiment. 
GOAT 
DAY I 
DAY II 
DAY III 
1 2 3 , 5 6 
AV TRH 5-HT AV TRH 5-HT 
TRH 5-HT AV TRH 5-HT AV 
5-HT AV TRH 5-HT AV TRH 
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From the 2/2/90, the goats were maintained under 20L:4D (lights on at 0400h). 
Twice weekly 5ml blood samples were taken at 1100h to monitor the rise in 
plasma prolactin concentrations with the increase in day length from 8L:16D 
to 20L:4D. 
Main Experiment 1b: 20L:4D, Temp: Minimum 11°C, Maximum 18°C 
Day 1 19/2/90 
Day 2 21/2/90 
Day 3 23/2/90 
From the 26/2/90, melatonin was administered orally (3mg/day) at 1600h under 
20L:4D (Section 2.7.3). Thrice weekly 5ml blood samples were taken at 1100h 
from melatonin treated and control goats to monitor the suppressive action of 
melatonin on prolactin. 
Main Experiment 1c: 20L:4D+Melatonin, 
Day 1 12/3/90 
Day 2 14/3/90 
Day 3 16/3/90 
Temp: Minimum 10°C, Maximum 22°C 
In the second year, to study further the stimulatory response to TRH, 
1J.lg and 5J.lg doses of TRH were administered. Six adult female goats were 
individually penned and cannulated for sampling and dose administration as 
described above. The photoperiod control, blood sampling procedure, 
secretagogue preparation and administration were as described previously, 
using the following protocol under each photoperiodic condition: 
GOAT 
DAY I 
DAY II 
1 
1Jlg 
5J.lg 
2 
1Jlg 
5Jlg 
3 
1Jlg 
5J.lg 
6 
5Jlg 
1J.lg 
From the 6/1/92, the goats were maintained under 8L:16D (lights on at 0800h). 
Main EXperiment 2a: 8L:16D, Temp: Minimum 4.5°C, Maximum 5.5°C 
Day 1 15/1/92 
Day 2 17/1/92 
From the 17/1/92, the goats were maintained under 20L:4D (lights on at 0700h) 
Main Bxperiment 2b: 20L:4D, Temp: Minimum 8°C, Maximum 9°e 
Day 1 5/2/92 
Day 2 7/2/92 
From the 7/2/92, the goats were maintained under 20L:4D with melatonin 
administered orally (3mg/day) at 1600h (Section 2.7.2). 
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20L:4D+Melatonin, Temp: Minimum 7.5°e, Maximum 11°e 
Day 1 26/2/92 
Day 2 28/2/92 
Statistical analyses were carried out using Genstat 5 or the statistical 
package, Multistat, on the Apple Mackintosh. An analysis of variance 
programme was written in Genstat to test baseline differences and the peak 
responses as a percentage of the baseline. Unpaired Student's t-tests and 
curve fitting were carried out using Multistat. 
5.3 RESULTS 
In the first year, the two week entrainment period to each imposed 
photoperiod was found to be sufficient to obtain consistent basal prolactin 
levels. Under 8L:16D photoperiod, basal plasma prolactin was 7.7ng/ml+2.6 
which increased significantly to 57. 8ng/ml+10. 6 after 2 weeks in 20L: 4D 
(p<O. 001). Melatonin administration in 20L: 4D significantly suppressed basal 
prolactin concentrations to 28.7ng/mli5.3 (p<O.Ol), although levels observed 
under 8L:16D were not attained (Figs 5.1.1, 5.1.2 & 5.1.3). 
AV and 5-HT increased plasma prolactin under each photoperiod, and 
melatonin suppressed the responses observed under 20L:4D however, areas under 
the response curves were not significantly different (Fig 5.1.1). As shown 
in Fig 5.1.2, TRH evoked a very large increase in prolactin under 20L:4D 
(peak=1259ng/mli197) compared to 8L: 16D (peak=179ng/ml+33, p<O. 01). Melatonin 
administration in the 20L:4D photoperiod did not significantly suppress the 
response to TRH (peak=1028ng/mli136). 
Fig 5.1.3 summarises the baseline concentrations and the peak response 
following AV, 5-HT or TRH administration under 8L:16D, 20L:4D and 
20L:4D+melatonin. With 5-HT, although melatonin did not suppress basal levels 
to 8L:16D values, peak prolactin concentrations under 20L:4D+melatonin fell 
within the range observed under 8L: 160. With exogenous melatonin under 
20L:4D, peak prolactin levels following AV and TRH administration remained 
within the range of 20L:4D values. The magnitude in prolactin response to TRH 
under 20L:4D was greater than that obtained with either AVor 5-HT (Fig 5.1.3). 
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Pigure 5.1.1 Effect of photoperiod and exogenous melatonin on the prolactin 
response to arginine vasopressin and serotonin. Arginine vasopressin (a) AV, 
300Jlg) and serotonin (b) 5-HT, 2mg) were administered under short days 
(8L: l6D), long days (20L:4D) and simulated short days (20L:4D+melatonin). 
n=5, mean~S.E.M. 
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Figure 5.1.2 Effect of photoperiod and exogenous melatonin on the prolactin 
response to thyrotropin releasing hormone. Thyrotropin releasing hormone 
(TRH, 50~g) was administered under long days (20L:4D), short days (8L:16D) and 
simulated short days (20L:4D+melatonin). n=5, mean~S.E.M. 
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Figure 5.1.3 Mean peak and basal prolactin in response to AV, 5-HT and TRH 
under different photoperiods. 8L:16D, short days; 20L:4D, long days; 
20L:4D+melatonin, simulated short days, n=5, mean~S.E.M. 
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Photoperiod effects on basal plasma prolactin in the second year were 
consistent with those observed in the previous trial (8L:16D: O.5ng/ml~O.06; 
20L:4D: 45.1ng/ml~5.3i 20L:4D+Melatonin: 8.8ng/ml~O.6, p<O.OOl). However, the 
lower absolute values observed under each photoperiodic condition in the 
second year may have been related to the lower mean temperatures recorded. 
Both the l~g and 5~g doses of TRH evoked an increase in plasma prolactin under 
each imposed photoperiod. The peak plasma concentrations observed under 
20L:4D following l~g and 5~g were suppressed by melatonin but not to levels 
observed under 8L:16D (p<O.Ol, Fig 5.1.4). This contrasted with results in 
the previous year where melatonin did not suppress the response to 50~g TRH. 
Peak responses evoked following administration of l~g TRH were of the 
same magnitude as those obtained with AV (300~g) and 5-HT (2mg). However, the 
magnitude in response observed under 20L:4D with 5~g TRH (1748ng/ml~219) was 
similar that following 50~g (1259ng/ml~197, NS.). Fig 5.1.5 illustrates the 
positive correlation between mean basal prolactin levels obtained under each 
photoperiod and the resultant peak response in prolactin secretion. Fig 5.1.6 
summarises the dose-dependant peak prolactin response to TRH stimulation under 
each imposed photoperiod. 
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Figure 5.1.4 Effect of dose of thyrotropin releasing hormone on prolactin 
secret ion in goats under different photoperiodic conditions. (Note the 
different y-axis scales). 8L:16D, short days; 20L:4D, long days; 
20L:4D+melatonin, simulated short days. n=6, mean~S.E.M. 
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Pigure 5.1.5 Regression of mean peak prolactin in response to l~g & 5~g TRH 
on mean basal prolact in concentration. 8L: 16D, short days; 20L: 4D, long days; 
20L:4D+melatonin, simulated short days. n=6, mean~S.E.M., ***p<O.OOl 
167 
Chapter 5 
2000 
E 
-C> 1500 c: 
c: 
+=i (,) 
cu 20L:4D 
0 
~ 
a.. 
cu 1000 20L:4D+Melatonin E 
CI) 
CO 
a.. 
~ 
cu 
Q) 
a.. 
500 
~"1L:.I' 8L:16D 
O~---'~======~~------------
1ug 5ug 50ug 
Dose TRH Administered 
Figure 5.1.6 Peak prolactin response to thyrotropin releasing hormone 
administrat ion under di fferent photoperiods. 8L: 160, short days; 20L: 40, long 
days; 20L:40+melatonin, simulated short days. l~g & 5~g doses, n=6, 
rnean~S.E.M.; 50~g dose, n=5, mean~S.E.M. 
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5.4 DXSCUSSXON 
Photoperiod controls prolactin secretion in ruminants and the observed 
basal prolactin levels in this study showed the expected response to short-day 
and long-day photoperiod. Exogenous melatonin administered under long-days 
(creating an artificial short-day regimen) suppressed basal plasma prolactin. 
The decline in circulating prolactin levels following melatonin administration 
has been frequently observed (Symons et al., 1983; Lincoln & Ebling, 1985), 
but the mechanism of action by which melatonin influences the secretion of 
prolactin from the anterior pituitary remains undetermined. 
In the present study, exogenous melatonin under long days suppressed the 
prolactin stimulation by AV, 5-HT and TRH (at 1 & 5~g), despite the non-
physiological peak response obtained following 5~g TRH. Thomas et al., (1988a 
& 1988b), demonstrated that prolactin stimulation by AV and 5-HT requires an 
intact hypothalamo-pituitary connection whereas TRH acts directly at the 
pituitary. Irrespective of the sites of action, melatonin administration was 
found to suppress the long-day peak response to the three prolactin 
secretagogues tested (on establishing a physiological magnitude of response 
to TRH). This is consistent with melatonin influencing prolactin secretion 
at the level of the hypothalamus by influencing the release of 
neurotransmitters and neuropeptides. 
A direct effect of melatonin on the lactotrophs is thought unlikely 
since autoradiographic studies have shown minimal melatonin binding sites on 
lactotrophs (Morgan et al., 1989) and radioactive-labelled melatonin from 
micro-implants in the mediobasal hypothalamus did not reach the anterior 
pituitary (Lincoln and Maeda, 1992a). Micro-implants of melatonin into the 
mediobasal hypothalamus were found to suppress plasma prolactin, whilst 
similar treatments in the anterior or dorsolateral hypothalamus and preoptic 
area were less effective (Lincoln & Maeda 1992b, and Malpaux et al. 1993). 
The placement of micro-implants in the medial basal hypothalamus induced 
short-day prolactin levels in the peripheral circulation of the ram, thUS, 
melatonin reaching the medial basal hypothalamus, may act on the dopaminergic 
systems innervating the median eminence. Dopamine, reaching the anterior 
pituitary via the hypothalama-pituitary portal vessels, acts on the ~ 
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lactotroph receptors to inhibit prolactin secretion. This implicates an 
indirect action of melatonin in the control of prolactin secretion (Lincoln 
& Maeda, 1992b). 
In vitro studies of rat brain sections have shown that melatonin 
inhibits the release of dopamine from regl' ons f th b ' , o e raln lncluding the 
preoptic area, containing the suprachiasmatic nucleus, and the median and 
posterior hypothalamus. This action is thought to be through a reduction of 
calcium entry into the presynaptic nerve endings (Zl' s 1 t 1 ape ea., 1982; 
Zisapel & Laudon, 1983). Since the secretion of prolactin in ovines is 
primarily under the inhibition of dopamine from the median eminence (Thomas 
et al., 1989b), this conflicts with a possible hypothesis that the increase 
in duration of melatonin secretion during short-days increases the 
dopaminergic inhibition of prolactin secretion from the lactotroph. A direct 
relationship between brain monoamine changes and hormone concentrations has 
not been established. In sheep, the median eminence was found to have higher 
concentrations of dopamine under long days than under short (Thiery, 1991). 
The increased secretion of prolactin during long days may feedback, resulting 
in an increased accumulation of dopamine in the median eminence. Thiery 
(1991) observed variations in the concentration of dopamine and noradrenaline 
metabolites within the infundibular nucleus with no differences in the 
concentrations of the metabolites themselves. This was indicative of 
variations in the turnover dependent on the photoperiod. 
Two doparninergic neuronal pathways exist; the tuberoinfundibular 
doparninergic system which terminates in the median eminence with dopamine 
reaching the anterior pituitary via the long portal vessels and the 
tuberohypophysial dopaminergic system which terminates in the neural and 
intermediate lobe, connected to the anterior pituitary via the short portal 
vessels. The former is thought to regulate chronic changes in prolactin 
secretion, whilst the latter mediates acute changes in prolactin secretion 
(Ben-Jonathan et al., 1991). Whether melatonin acts on the dopaminergic 
pathway or specifically on either the tuberoinfundibular or tuberohypophysial 
neurones remains undetermined. 
The suppressive action of melatonin on prolactin secretion may be 
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independent of the dopaminergic pathway. The distribution of brain regions 
where melatonin has been shown to inhibit dopamine release does not account 
for all regions where melatonin specific receptors have been located (Bittman 
& Weaver, 1990 i Zisapel et a1., 1982). This implies mediation of the 
secretion of non-dopaminergic neurotransmitters. Melatonin has been proposed 
to stimulate the release of an un1·dent1·f1·ed d t f h b 1· pro uc rom t e pars tu era 1S 
which in turn is thought to act directly or indirectly at the lactotroph to 
mediate changes in prolactin secretion. An involvement of other neuropeptides 
or neurotransmitters cannot be excluded. 
In the present study, exogenous melatonin suppressed both basal and 
stimulated levels of circulating prolactin, however, levels observed under 
short days were not attained. In the present study, the photoperiodic 
treatments were given in the order: short-days i long-days; long-days+melatonin 
(simulated short-days), allowing two weeks acclimatisation, and one week for 
the trial under each photoperiod. The goats perceived natural short days 
during the autumn and winter preceding the trial, followed by the 3 week 
imposed short-day photoperiod and subsequent 3 week long-day photoperiod. The 
goats responded to the short-day photoperiod treatment, observed from the 
basal plasma prolactin concentrations, however, the period of long days may 
not have been sufficient to break "refractoriness· to the short days before 
treatment with melatonin commenced. In late winter, exposure to 8 weeks l~ng 
days prior to short-day melatonin treatment was found necessary to 
successfully advance the breeding season in goats (Chemineau et a1., 1986 & 
Deveson et a1., 1992; see also Robinson & Karsch, 1984). Extrapolating the 
requirement of long days preceding melatonin treatment in late winter to 
initiate a reproductive response, the three weeks allocated in the present 
study may not have been sufficient to break the short-day refractoriness, thus 
contributing to the incomplete prolactin suppression under the simulated 
short-day photoperiod. Alternatively, the inefficiency of prolactin 
suppression by short-day melatonin administration may imply that the natural 
photoperiodic influence on prolactin, with levels low in the winter and high 
in the summer is not mediated by melatonin alone, whether directly or 
indirectly. The circannual variation in circulating prolactin may be mediated 
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by photoperiodic changes in con' t' . Junc 10n w1th another seasonally changing 
parameter, temperature. 
Intravenous administration of serotonin (5-HT) in the goat was shown to 
increase plasma prolactin, as reported previously by Thomas et al., (1988a). 
Within recent years, 5-HT has been identified as possessing four receptor 
types in the brain of which types 5-HT1 , 5-HT2 and 5-HT3 , have been shown to 
mediate the stress-induced rise in prolactin in the rat (Jorgensen et al., 
1992). Thomas et al., (1988a) established that 5-HT does not act directly at 
the pituitary in sheep to stimulate prolactin secretion, but it remains to be 
elucidated whether 5-HT acts through inhibition of the release of dopamine 
(Pilotte & Porter, 1981) or stimulation of the release of a prolactin 
releasing factor, such as vasoactive intestinal peptide (Shimatsu et al., 
(1982) . Flores et ale (1992) suggested two independent serotonergic 
mechanisms; one which mediates prolactin release through the paraventricular 
nucleus, stimulating a prolactin releasing factor and one which acts through 
the arcuate nucleus to inhibit the release of a prolactin inhibiting factor, 
dopamine. The interaction of the serotonergic and dopaminergic neuronal 
systems in the endocrine release of prolactin is complex. 
In rats, a suckling stimulus has been shown to increase hypophysial 
portal blood concentrations of TRH (De Greef & Visser, 1981). However, in the 
ewe prolactin levels increased in response to the suckling stimulus with no 
concomitant effect on hypothalamic TRH release (Thomas et al., 1988c). In the 
present study TRH was shown to stimulate prolactin secretion in a dose-
dependent manner. It is thought that TRH exerts an effect on the pituitary 
1actotrophs but increases in prolactin secretion are not consistently 
associated with hypothalamic TRH levels in the ewe. Discrepancies have also 
been reported in portal blood dopamine concentrations. In ewes maintained in 
natural conditions of light and temperature in the summer, dopamine was not 
detected in the hypothalamic-portal blood indicating minimal dopamine release 
at a time of year when circulating prolactin is high (Thomas et al., 1989). 
Flores et a1. (1992), hypothesised the existence of a multisynaptic pathway 
expressing receptors for postulated prolactin releasing factors. The control 
of prolactin secretion would appear to involve the interaction of a number of 
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prolactin releasing peptides or differences . 1n dopaminergic control in 
response to chronic or acute physical and environmental stimuli. 
From the results of the first trial, the magnitude of the prolactin 
response obtained under short days was comparable for the selected dose of 
each secretagogue (Fig 5.1.3) and was in accordance with those reported by 
Thomas et ai. (1988ai 1988b). However, following administration of the same 
doses under long days, the stimulation response observed with TRH was 
considerably greater than that obtained with AV and 5-HT (Fig 5.1.3). 
Ssewannyana & Lincoln, (1990), observed a similar photoperiod effect in acute 
prolactin response to dopamine antagonists with the largest responses evoked 
under long days. This suggests a difference in sensitivity of prolactin 
secreting cells to TRH directly or other releasing factors under long days. 
In response to stimuli, increases in prolactin secretion are thought to be due 
to both a withdrawal of the tuberoinfundibular dopaminergic inhibition and to 
an increase in the production of, or sensitivity to, prolactin releasing 
factors. Nagy & Frawley (1990) studied further the hypothesis that 
1actotrophs vary in their degree of responsiveness to hypothalamic prolactin 
releasing and inhibiting factors. The work demonstrated that application of 
the suckling stimulus to rats potentiated the in vitro response obtained from 
prolactin secreting cells to TRH and diminished the extent of dopaminergic 
inhibition. Thus, the sensitivity of prolactin releasing cells in the 
anterior pituitary varies in response to acute stimuli and subsequent release 
of hypothalamic releasing and inhibiting factors, thought to result in 
increased prolactin secretion. Although the neuroendocrine mechanism is not 
fully elucidated, this hypothesis could be extended to control of long term 
seasonal variations in prolactin secretion in response to chronic stimuli of 
photoperiod and temperature. 
A difference in the proportion of prolactin molecular weight variants 
may account in part for the difference in magnitude in response following TRH. 
Farkouh et al., (1979), reported a reduction in the proportion of large 
molecular weight (MWt) forms of prolactin and a corresponding increase in 
small MWt forms of prolactin following an intravenous injection of TRH in the 
human. In vitro studies of ram adenohypophysis by Stroud at al., (1992), 
173 
Chapter 5 
demonstrated a seasonal difference in the proportions of prolactin variants 
with high MWt forms in December (>40K) and low MWt forms in April and October. 
In extracts of cultured pituitary, a difference in the bioactivity and 
inununoactivity measurements corresponding to the prolactin forms was reported. 
Thus, in December with high MWt forms, the bioactivity was high in respect to 
April, when proportionally greater amounts of low MWt prolactin and 
inununoreactive prolactin was observed. It is proposed that by both a seasonal 
influence and an effect of TRH administration, the molecular weight form of 
prolactin varies. In the present study, the affinity of the antibody used in 
the prolactin radioinununoassay may have been greater for low MWt forms of 
prolactin accounting for the differences in magnitude of response obtained 
under long days following TRH. The antibody used in the prolactin assay was 
not tested against different molecular weight forms. 
In recent years considerable interest has arisen in the role of the 
posterior pituitary (consisting of the neural & intermediate lobes) in the 
control of prolactin secretion. A pathway is established for the release of 
prolactin in response to external stimuli, id est, prolactin releasing or 
inhibi t ing factors reach the anter ior pi tui tary, from the median eminence, via 
the hypothalamo-hypophysial portal system. Murai & Ben-Jonathan (1987) found 
that the suckling-induced prolactin rise in the rat is inhibited by posterior 
pituitary lobectomy. The importance of an intact posterior pituitary in the 
regulation of ovine prolactin was subsequently demonstrated by Thomas et al. 
(1989) . Thus the short portal vessels link the intermediate lobe to the 
anterior pituitary, providing the pathway for a posterior prolactin releasing 
factor. This releasing factor was found to be of a molecular weight less than 
5000 (Hyde & Ben-Jonathan, 1988). In the lactating rat it is proposed that 
osmoregulation and control of prolactin secretion is mediated through a common 
pathway in which the neuropeptide arginine vasopressin, (AV), has a 
physiological role (Nagy et al., 1991a). Rats pre-treated with an AV 
antagonist or AV antiserum showed no increase in prolactin in response to 
posterior pituitary extract, indicating a role for AV in posterior pituitary 
prolactin control (Kjaer et al., 1991). More recently, Nagy et al. (1992) 
postulated a tuberohypophysial neuronal link between AV secretion from the 
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neural lobe and prolactin secretion from the anterior lobe as a result of an 
osmoregulatory disturbance in the lactating rat. In the present study AV was 
shown to increase prolactin in vivo, although the physiological importance is 
not clarified. 
Hyde & Ben-Jonathan (1989) eliminated arginine vasopressin, oxytocin and 
~-endorphin as possible posterior pituitary prolactin releasing factors, while 
Ellerkmann et ale (1991) established that administration of l7~-oestradiol, 
and not TRH, on a co-culture of rat anterior pituitary and neurointermediate 
lobe cells, resulted in an increase in the number of prolactin-secreting 
cells. Thus the neurointermediate lobe was induced to release a factor which 
acted on the anterior pituitary to augment lactotrophs. Further work by the 
group established that l7~-oestradiol stimulated the intermediate lobe of the 
pituitary to release the N-acetylated form of a-melanocyte-stimulating hormone 
(a-MSH), which in turn acted on the anterior pituitary cells, to recruit 
additional prolactin secretory cells (Ellerkmann et al., 1992). This 
contrasts with previous reports where a-MSH was shown to suppress prolactin 
release and oppose the stimulatory action of ~-endorphin (Khorram et al., 
1984, Wardlaw et al., 1986). Ellerkmann et ale (1992b) further established 
a lactotroph recruitment activity for the N-acetylated form of another pro-
opiomelanocortin derived peptide, ~-endorphin. The tuberohypophysial 
dopaminergic neurones innervate the neural and intermediate lobes, with 
dopaminergic inhibitory control of a-MSH and ~-endorphin release. Cultured 
lactotrophs derived from suckled rats were found to be unresponsive to 
dopamine whilst being responsive to TRH or angiotensin II (Nagy & Frawley, 
1990; Nagy et al., 1991b) but the physiological importance remains 
undetermined. The possibility of the secretory products of the intermediate 
lobe melanotrophs, a-MSH and ~-endorphin, acting in vivo is supported by the 
connection to the anterior pituitary via the short portal vessels. Using the 
same in vitro culture model, Porter & Frawley (1992) concluded that lactotroph 
recruitment in response to acetylated forms of a-MSH and ~-endorphin occurs 
in the region of the anterior pituitary which is proximal to the intermediate 
lobe and highly vascularised by the short portal vessels. Whether difference. 
in lactotroph recruitment occur following the culture of pituitary cell. fram 
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animals previously exposed to different photoperiod regimes has yet to be 
addressed. 
5.5 CONCLUDING REMARKS 
In the present study, photoperiod was shown to result in differences in 
basal prolactin levels. The prolactin secretagogues selected stimulated the 
secretion of prolactin from the anterior pituitary with a photoperiodic effect 
on the magnitude of the response obtained to TRH. Increased lactotroph 
sensitivity to prolactin releasing factors or an increase in lactotroph 
recruitment may contribute to the response. Exogenous melatonin under long 
days, simulating a short-day melatonin profile, did not suppress the basal or 
peak prolactin response to levels observed under short days, suggesting that 
melatonin is not the only seasonally influenced factor orchestrating the 
circannual secretion of prolactin. 
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CONCLUDING REMARKs 
The overall aim of this work was to study the possible interdependent 
relationship between melatonin and prolactin on the timing of the breeding 
season and coat development in goats. Three main approaches were followed. 
Firstly, long-day treatment followed by exogenous melatonin was staggered at 
different times of the year in an attempt to dissociate the advance of the 
breeding season from a concomitant advance in coat growth and to understand 
the endocrine control. Secondly, the environmental factors temperature and 
photoperiod were controlled to improve understanding of the interaction of 
melatonin and prolactin in the control of the breeding season and coat 
development. Finally, prolactin secretion was stimulated under different 
photoperiod and exogenous melatonin to study aspects of the mechanism whereby 
melatonin suppresses the secretion of prolactin. 
Orally administered melatonin which simulated a short-day melatonin 
profile, successfully advanced reproduction in the British Saanen goat. Long-
day treatment of 20L:4D before melatonin treatment overcame 
photorefractoriness to short days and enabled the goats to be responsive to 
melatonin treatment in March. This strategy resulted in a maximal advance in 
the onset of ovarian activity to May. Long-day treatment in November, 
followed by melatonin treatment in January, served only to cause an early 
onset of anoestrous, with no advance in ovarian activity. This emphasises the 
importance of treatment timing on the breeding season advance and provided 
evidence to substantiate the hypothesis that the duration of declining 
photoperiod before the winter solstice determines the length of the breeding 
season. When long-day treatment was followed by prolactin suppression with 
the dopamine agonist, bromocriptine, the timing of reproductive activity was 
not affected. This confirms that breeding season advance with exogenous 
melatonin is independent of effects on prolactin secretion. 
Long-day and melatonin treatment started at different times of the year 
induced ovarian activity, without the male effect in May, August and September 
and with the controls in November. Adoption of the long-day/melatonin 
treatment strategies ,January /March and March/May, advancing the breeding 
177 
6. Concluding Remark. 
season to May and August respect1'vely, wo ld b th u e e most commercially 
advantageous. Peak milk yield and the production of young would be 
approximately six months out of phase from the rest of the herd. 
Treatments successful in advancing the timing of ovarian activity were 
also found to disrupt coat moulting cycles. Treatment January/March, resulted 
in a delay in the spring prolactin rise and retention of the winter coat. 
Subsequent moulting was rapid and re-synchronisation of coat growth with the 
controls occurred by the Autumn. However the treatment strategy which 
advanced breeding to August resulted in a summer coat weight in November, 
raising welfare considerations dependent on the animal husbandry system. 
Repeated long-day/melatonin treatment in March/May in successive years may 
induce the development of two coats in one year, which if it increased overall 
annual yield and quality, may be of conunercial interest to the fibre industry. 
A delay in the spring prolactin rise was induced in consecutive years 
by melatonin in Year 1 and the dopamine agonist, bromocriptine in Year 2. 
Recording coat weight changes, moulting of the winter coat was only inhibited 
following the melatonin treatment. This suggested that moulting occurred 
irrespective of the seasonal increase in prolactin, and that the simulated 
short-day melatonin signal inhibited moulting. However from the more detailed 
study of the hair follicle morphology, both melatonin and bromocriptine 
treatment resulted in the retention of a winter secondary to primary follicle 
ratio id est, a high number of fine undercoat fibres to each coarse outer 
fibre. It is suggested that both melatonin and prolactin mediate seasonal 
changes in coat development. Prolactin may act to synchronise follicle 
activity and determine the secondary to primary follicle ratio, thus determine 
coat structure. This conforms with the effect of temperature on prolactin 
secretion and the reported thermoregulatory actions of prolactin. Melatonin 
may determine the extent of retention of old primary fibres and the diameter 
of new fibres affecting both coat thickness and weight. Dissociation of a 
role for melatonin or prolactin in coat moulting could not be established from 
the present results. A synergistic action of melatonin and prolactin in the 
control of coat moulting is proposed. 
Under maintained summer photoperiod (16L:8D) but naturally declining 
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temperature from July to December, plasma prolactin declined with temperature. 
The annual variation in prolactin secretion was inhibited in goats maintained 
from July to December under constant summer temperature and photoperiod 
conditions (16L: 8D, 17°C). Likewise, under winter photoperiod and temperature 
conditions (8L:16D, 8°C) from December to June the spring prolactin rise was 
markedly delayed. The tendency for a spontaneous rise in prolactin secretion 
implies the existence of an endogenous circannual rhythm. The evidence 
suggests that both light and temperature influence the seasonal changes in 
prolactin secretion observed in the goat. The relative importance of either 
environmental factor on prolactin secretion could not be established but 
suggest that low temperatures may limit and high temperatures enhance the 
response to photoperiod .. 
A secondary to primary hair follicle ratio consistent with summer was 
maintained through autumn as a result of constant summer photoperiod and 
temperature conditions. An advanced decline in coat weight was also observed 
at the end of treatment in December. Controlled winter conditions resulted 
in the retention of a winter secondary to primary ratio in June. Where summer 
photoperiod was maintained, but prolactin declined with the natural seasonal 
fall in temperature, no effect on the coat structure was observed. It is 
suggested that the effects of environmental control on the retention of 
corresponding coat structures was mediated through the influence on prolactin 
secretion. 
The maintained environmental conditions did not significantly influence 
the timing of ovarian activity, although there was a tendency for oestrous 
onset to be delayed under maintained summer conditions and anoestrous onset 
to be delayed under maintained winter conditions. It is proposed that 
temperature changes act as a fine tuning mechanism, influencing the duration 
of the breeding season entrained by long-term photoperiodic changes. 
Maintained summer temperature (17°C) and winter temperature (8°C) did 
not affect the circadian pattern of melatonin secretion. The duration of 
melatonin secretion corresponded to the imposed or natural photoperiod. Dusk 
and dawn peaks in prolactin secretion were evident from the circadian profiles 
and the timing of the peaks corresponded to the rise and fall in melatonin 
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secretion. The control and physiological significance of the dusk and dawn 
prolactin peaks cannot be established from the present study. 
Prolactin secretion was shown to be influenced by photoperiod, with 
plasma concentrations high under long days and low under short days. 
Exogenous melatonin, simulating short days, did not suppress prolactin to 
levels observed under natural short days. This implies that seasonal changes 
in prolactin secretion are not mediated by melatonin alone. The influence of 
temperature could not be ruled out completely but was thought not to be 
responsible for the incomplete prolactin suppression in these short term 
studies. 
Under short days, long days and long days with melatonin treatment 
(simulated short days), the extent of prolactin stimulation by prolactin 
secretagogues was photoperiod dependent; the highest response was observed 
under long days, the lowest under short days and the response was suppressed 
with exogenous melatonin treatment but not to levels observed under natural 
short days. Serotonin and arginine vasopressin act via the hypothalamus to 
stimulate prolactin secretion, whilst thyrotropin releasing hormone acts 
directly at the anterior pituitary. Irrespective of the sites of action, 
melatonin was found to suppress the long-day peak response to the prolactin 
secretagogues tested. Melatonin is proposed to influence prolactin secretion 
at the level of the hypothalamus through the release of neuropeptides or 
neurotransmitters. The mechanism of action has yet to be determined. 
The timing of reproduction is determined by the secretory pattern of 
melatonin independent of the secretion of prolactin. Melatonin inhibits the 
secretion of prolactin at the level of the hypothalamus, although melatonin 
is thought not act alone in the mediation of photoperiodic changes in 
prolactin secretion. Temperature was found to be instrumental in the control 
of prolactin secretion and thought to act synergistically with photoperiod to 
control the annual variations. Evidence exists for an endogenous rhythm in 
circannual prolactin secretion. Prolactin is thought to mediate changes in 
coat structure and thus control coat moulting cycles. Melatonin is also 
implicated, but it is yet unknown if this effect is mediated through the 
suppressive action on prolactin, through a mechanism independent of prolactin 
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or a direct effect at the hair follicle. 
Future Work Proposed 
Further work is required on the effects of temperature on the 
endocrinological control of reproduction and coat moulting. The summer 
temperature and photoperiod hold treatment could be repeated, selecting a more 
extreme summer temperature of 20-25°C. Data for the missing groups, namely, 
maintained winter photoperiod and increasing temperature from December to June 
and the combination of maintained environmental temperature with naturally 
increasing or decreasing photoperiod should be obtained. This would enable 
the determination of the primary factor, photoperiod or temperature, mediating 
the seasonal variation in prolactin secretion. 
Maintenance of the environmental conditions for a number of years rather 
than 6 months would enable the existence of an endogenous rhythm in prolactin 
secretion in temperate species to be established. It is unknown whether a 
secondary to primary ratio, thus coat structure, can be retained indefinitely 
under constant conditions of temperature and photoperiod or if an endogenous 
rhythm in hair follicle activity exists. 
A more sophisticated temperature control system, allowing a circadian 
change in temperature observed within 24 hours, whilst maintaining a winter 
or summer temperature, may demonstrate a fine-tuning mechanism of temperature 
on the onset of oestrous or anoestrous. 
Establishment of an in vitro hair follicle culture system could 
establish whether effects of melatonin or prolactin at the hair follicle are 
direct or indirect. Consideration may have to be given to the stage of 
activity of the follicle to be cultured and the time of year of follicle 
removal in relation prevailing temperature and photoperiod conditions. A 
circadian variation may exist in the responsiveness of hair follicles to the 
addition of melatonin or prolactin to the culture medium. 
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APPENDICES 
Appendix 1: Hor.mone Sources 
The following hormones were obtained from the National Institutes of Health, 
Endocrinology Study Section, Bethesda, MD. The relative potencies are listed 
below {Reichert & Wilhelmi, 1973}. 
Pituitary Ho~one Number IU/mg 
Ovine luteinising hormone NIH-LH-S17 1. 01 
Ovine growth hormone NIH-GH-S10 0.89 
Ovine follicle stimulating hormone NIH-FSH-S9 1.13 
Ovine thyroid stimulating hormone NIH-TSH-S6 2.5 
Ovine prolactin NIH-P-S12 35 
Ovine prolactin NIH-P-S18 30 
Ovine placental lactogen,PL, IGAP-72 was purified by I.A. Forsyth & S. Iley, 
Institute of Grassland and Environmental Research, Hurley. 
Recombinant bovine growth hormone, GH, American Cyanamid, Princetown, New 
Jersey, USA, gratefully received from Dr. Ian Hart. 
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Appendix 2: Goat Allocation 
Goat Allocation for Chapter 3 January 1990-August 1991 
All goats were maiden British Saanen females 
Group Goat D.O.B. 
Control 123 18/2/89 
139 21/2/89 
157 22/2/89 
170 2/3/89 
56 22/2/88 
Group 1 126 11/2/89 
142 21/2/89 
152 22/2/89 
160 23/2/89 
166 1/3/89 
Group 2 134 20/2/89 
135 20/2/89 
164 24/2/89** 
143 21/2/89 
182 4/8/89* 
Group 3 144 21/2/89 
145 21/2/89 
112 5/12/88 
156 22/2/89 
183 5/8/89* 
Group 4 158 22/2/89 
159 22/2/89 
161 23/2/89 
162 24/2/89 
184 5/8/89 
Group 5 163 24/2/89 
113 7/12/88 
165 1/3/89 
173 1/3/89 
516 20/2/88 
*Accidenta1ly mated, 182 Kidded 6/8/90, 183 kidded 28/8/90. 
** Died May 1990 
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Goat Allocation for ChaEter 4 Jul~ 1991 June 1992 
The goats allocated were British Saanen females 
Goat D.O.B. Last Kidding Date Weight (Kg) Total (kg) 
Controls 
40C 9/3/90 -------- 60.5 271.5 
267 8/7/89 25/12/90 57 
234 18/4/89 18/12/90 55 
166 19/7/89 25/3/91 54 
247 7/5/89 20/12/90 45 
Group 1 
257 26/4/89 24/12/90 64 272.5 
262 19/4/89 23/12/90 56.5 
232 7/7/89 17/12/90 54 
248 1/7/89 20/12/90 52 
8C 26/3/90 -------- 46 
Group 2 
225 14/4/89 28/4/90 61 272.5 
106 17/7/89 25/3/91 56 
4C 14/2/90 -------- 53.5 
259 26/6/89 23/12/90 53.5 
236 30/6/89 19/12/90 48.5 
Group 3 
249 13/2/90 -------- 62 273 
282 26/6/89 5/3/91 54 
250 7/7/89 21/12/90 53 
281 13/6/89 27/12/91 53 
27C 16/2/90 -------- 51 
Group , 
246 20/6/89 20/12/90 58 270 
273 14/2/90 4/2/91 57.5 
265 23/6/89 24/12/90 55 
48C 17/4/90 -------- 53 
251 5/4/89 21/1290 46.5 
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Appendix 3 : Meterological Data - June 1990 
Sampling Date Temperature °c Sunshine 
Week Max. Min. Hours 
18 31/5/90 23.5 9.2 11.1 
1/6/90 23.3 7.9 1.5 
2/6/90 18.3 9.7 6.6 
3/6/90 16.0 10.9 2.0 
4/6/90 18.2 7.5 12.3 
5/6/90 15.6 4.5 0.3 
6/6/90 16.3 9.8 0.7 
19 7/6/90 16.3 3.8 5.5 
8/6/90 13.9 6.7 3.4 
9/6/90 17.4 8.2 5.7 
10/6/90 19.7 11.3 5.5 
11/6/90 13.9 11.0 0.4 * 
12/6/90 13.6 4.9 0 * 
13/6/90 13.4 9.5 0 * 
20 14/6/90 16.7 10.0 0 * 
15/6/90 19.9 9.9 0.6 * 
16/6/90 20.7 9.0 1.6 
17/6/90 22.1 8.2 6.3 
18/6/90 18.6 10.0 2.9 
19/6/90 20.8 12.7 11.2 
20/6/90 19.7 7.2 9.2 
21 21/6/90 16.1 9.9 4.2 
* Days of reduced sunshine hours and average temperature. 
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Appendix 4: Presentations & Publications 
PRESENTATIONS: 
Society for the Study of Fertility, December 1990, London (Poster 
Presentation) . 
10th Joint Meeting of British Endocrine Societies, April 1991, Brighton 
(Poster Presentation). 
Society for the Study of Fertility, July 1991, Oxford (Oral Presentation). 
International Symposium on Pineal Hormones, July 1991, Bowral Australia 
(Poster Presentation). 
Society for the Study of Fertility, July 1992, Glasgow (Oral Presentation). 
International Symposium on Melatonin and the Pineal Gland: from Basic Science 
to Clinical Application, September 1992, Paris (Oral Presentation). 
Society for the Study of Fertility, July 1993, Cambridge (Poster 
Presentation) . 
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